This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  iion-coninieicial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  autoiiiaied  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Mainrain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use.  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  countiy  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


at  http:  //books  .google  .  com/ 


a-c^< 


HOJY    TO    WORK 


WITH 


.   THE    MICROSCOPE. 


TO  THE  READEB. 

This  work  may  be  '*  read  "  by  (arefully  studying  the  fipires,  ftid  t!hcn  tefcrring  to 
the  text.  A  description  of  every  drawing  is  placed  beoeaAi  it,  and,  in  most  instances, 
a  reference  is  given  to  the  very  page  upon  which  the  subject  of  the  drtwing  is  con- 
sidered. A  teaching  experience,  extending  over  more  than  five-and-twenty  years,  has 
convinced  the  author  that,  although  the  studant  will  certainly  obtain  more  ovrrect 
views  upon  the  microscopic  characters  of  objects  by  attentively  examining  accurate 
representations,  than  by  reading  over  and  over  again  the  most  minute  and  elaborate 
descriptions  of  them,  the  information  th«s  gained  wilt  be  of  little  real  us*  unless  the 
student  himself  pnpmm  and  examines  actual  specimens,  and  n»kes  caidol  drawings 
of  what  he  seei.  .         . 


On  p.  4a9,/or  i^i.ooo.oooth,  raid  i-io(\oooth. 


HOW   TO   WORK 


WITH  THE 


MICROSCOPE 


BY 

LIONEL  S,  JEALE,  F.R.S., 

PRESIDENT   OF   THE    ROYAL    HICROSCOnCAL    SOCIETY. 

FIFTH     EDITION, 


NKviaSD  THKOwaHairr  anb  muoh  bmLamed,  with  mi  hunorid  ^latci,  oompriciho  horc 

THAN  aiX  HUHMCO  ENBIIIAVINal.  SOME    CHINTED  IN  OOLOURI,  AND  MO*T  OF 
WHICH  HAVI  ■■■»  BRAWH  ON  WOOD  RT  THC  AUTHeN. 


TENDON :  HARRISON,  PALL  MALL. 
Philadelphia:     LINDSAY     AND     BLAKISTON. 

UDCCCLXXX. 
[jIU  rights  reserved.^ 

NO 


iicko 


PREFACE. 


The  present  edition  has  been  revised  throughout  More 
than  one  hundred. pages  of  new  matter,  and  upwards  of 
one  hundred  and  fifty  new  engravings,  have  been  Intro- 
duced. 

For  valuable  assistance  in  preparing  and  improving 
several  of  the  articles  which  would  otherwise  havt:  been 
defective,  the  author  is  greatly  indebted  to  the  kindness 
of  many  friends.  Professor  Gulliver,  F.R.S.,  made  the 
accurate  drawings  of  plant  crystals  in  Plates  XLVII  and 
XLVni,a7id  very  kindly  furnished  the  author  with  an 
abstract  of  his  well-known  researches. 

Conscious  of  the  advantage  to  be  derived  from  further 
experiments  connected  with  the  construction  of  objects 
glasses,  the  author  has  obtained  the  permission  of  Mr. 
Wenham  to  print,  in  this  edition,  some  of  his  \'aluablc 
practical  memoirs  upon  this  subject  Any  one  who 
possesses  some  mechanical  dexterity,  and  is  desirous  of 
entering  upon  practical  optical  work,  is  almost  sure  to 
succeed  in  acquiring  sulTicient  technical  knowledge  and 
skill  if  he  patiently  and  with  due  care  fullows  the 
directions  given  in  Part  VII. 

Mr.  H.  C.  Sorby,  F.R.S.,  wrote  the  article  on  spectro- 
microscopy,  as  well  as  some  of  the  sections  on  the  ex- 
amination of  minerals,  and  on  the  cavities  in  crystals. 
The     directions    for    the    microscopic    examination    of 
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minerals,  rocks,  and  fossils,,  introduced  in  this  edition 
for  the  first  time,  as  well  as  the  figures  in  Plates  LV, 
LVI 1 1,  and  LI  X,  were  contributed  by  Mr.  Frank 
Rutley,  of  the  Geological  Survey. 

Dr.  Maddox  is  the  author  of  the  greater  portion  of 
Part  V,  on  photography.  This  has  been  extended  and 
carefully  revised  by  Dr.  Clifford  Mercer,  who  has  also 
introduced  several  of  the  recent  improvements  adopted 
by  Mr.  Deecke,  and  has  further  added  to  the  value  of 
this  book  by  compiling  a  very  complete  list  of  memoirs 
on  the  application  of  photography  to  the  microscope, 
which  is  exceedingly  accurate,  as  most  of  the  titles  and 
dates  have  been  verified  by  reference  to  the  memoirs 
themselves. 

The  author  also  desires  to  acknowledge  his  indebted- 
ness to  Professor  Brown,  of  the  Veterinary  Department 
of  the  Privy  Council,  Dr.  Lockhart  Clarke,  F.R.S., 
Mr.  Glaisher,  F.R.S.,  Dr.  Pritchard,  Dr.  Hudson.  Dr. 
Child,  the  late  Dr.  Bowerbank,  Mr.  Wenham,  Dr. 
Edmunds,  Dr.  Matthews,  Mr.  Robertson  of  Oxford, 
Mr.  J.  W.  Stephenson,  Mr.  John  Browning,  Mr.  Swift, 
and  others,  whose  names  are  mentioned  in  the  text. 

The  new  drawings  added  to  this  edition  have  been 
engraved  by  Miss  Powell.  Those  in  Plates  XLII  to 
XLV,  page  170,  deserve  attentive  study  as  examples  of 
excellent  work.  They  have  been  copied  from  the  very 
careful  lithographic  drawings  of  the  veteran  Lens 
Aldous,  and  so  accurately  have  the  details  been  rendered 
that  it  would  be  difficult  to  distinguish  some  of  these 
wood  engravings  from  the  original  lithographs. 


61,  Gnuvenor  Strett, 
Oclobtr,  1879. 


ORIGINAL  PREFACE. 


An  earnest  desire  to  assist  in  diffusing  a  love  for  micro- 
scopical enquiry,  not  less  for  the  pleasure  it  affords  to 
the  student,  than  from  a  conviction  of  its  real  utility  and 
increasing  practical  value  in  promoting  advancement  in 
various  branches  of  art,  science,  and  manufacture, — a 
wish  to  simplify,  as  far  as  possible,  the  processes  for  pre- 
paring microscopical  specimens,  and  the  methods  for 
demonstrating  the  anatomy  of  different  textures, — ^and 
the  belief  that  many  who  possess  microscopes  are 
deterred  from  attempting  any  branch  of  original  investi- 
gation solely  by  the  great  difficulty  they  experience  in 
surmounting  elementary  detail  and  mere  mechanical 
operations, — are  my  chief  reasons  for  publishing  this 
elementary  course  of  lectures,  which  was  delivered 
during  the  winter  of  1856-7. 

It  has  been  thought  desirable  to  append  the  tables 
which  I  have  been  accustomed  to  use  in  my  course  of 
practical  demonstrations,  in  order  that  everyone  may  be 
enabled  to  practise  by  himself  the  most  useful  branches 
of  manipulation.  Each  table  will  occupy  the  student 
about  two  hours. 

US.  B. 

Pathological  Ijlbo&atokv, 
27,  C«ny  Street,  Lineeik'fiMM,  j^ne,  i8S7> 
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HO^V   TO   AVORK 


WITH 


THE    MICRpSCOPE 


INTRODUCTION. 

1.  Iwyarlmee  af  Mkliral  MABlynlatlon  In  OI»eiTatl«B  and  Expcrl- 

i. — Manual  dexterity,  although  subordinate  to  many  higher  mental 
qualifications,  is  as  Msentiak'for  the  successful  prosecution  of  micro- 
some observation  as  it  is  fitfthat  of  every  kind  of  experimental  science. 
It  assists  us  in  the  discove^  of  new  means  of  enquiry,  and  in  devising 
methods  by  which  difficulties  may  be  surmounted.  Without  skilful 
manipulaticm  we  can  neither  teach  by  demonstration  facts  which  have 
been  already  discovered,  nor  hope  to  extend  the  limits  of  observadcm 
and  experimental  knowledge.  It  is  not,  therefore,  surprising  that  many 
of  the  most  important  facts  wiiich  have  been  recently  added  to  micro* 
scopHcal  science,  ha¥e  been  discovered  by  men  who  had  previously  well 
trained  themselves  in  experiment — particularly  in  practical  chemistry  and 
minute  anatomical  dissection.  Improvements  in  the  practical  details  of 
manipulation  almost  necessarily  precede  an  advance  in  natural  know- 
ledge, and  invariably  promote  and  expedite  true  scientific  progress. 

The  m^Q  object  of  this  work  is  to  instruct  learners  in  micro- 
scopical manipulation,  and  in  the  performance  of  those  operations 
which  are  essential  to  the  successful  demonstration  of  form,  structure, 
cf^our,  and  movement  under  the  microscope.  To  manipulate  welt 
Tcquires  mental  application  and  power,  as  well  as  practice.  An  indis- 
position to  master  practical  elementary  details  before  proceeding  to 
perform  experiments  and  make  observations  is  almost  universal  among 
students.  And  yet  it  is  only  by  being  thoroughly  grounded  in  first 
IHinciples,  and  well  practised  in  mechanical  operations,  that  any  one  can 
hope  to  achieve  real  success  in  the  higher  branches  of  scientific  enquiry, 
w  to  detect  the  Mlacj  of  certain  so-called  observations  and  experiments, 
by  which  those  skilled  in  conjecture  seek  to  bolster  up  their  arbitrary 


2  HOW  TO  WORK  WITH  THE   MICROSCOPE. 

dogmas  and  false  statements,  and  thus  deceive  and  humbug  those  whom 
they  pretend  to  teach.  Not  a  few  unconsciously  minister  to  the  propaga- 
tion of  error  by  seeming  to  despise  manipulator}'  details  and  mechanical 
skin,  and  by  ridiculing  those  whose  finger-tips  are  eminently  sensitive, 
■  and  who  are  unusually  clever  in  the  use  of  their  digital  muscles.  Nor 
have  these  false  notions  been  condemned  by  teachers  with  the  decisioa 
and  firmness  with  which  they  ought  to  have  been  met 

In  the  particular  branch  of  enquiry  I  am  considering,  the  importance 
of  such  operations  as  the  dissection  and  demonstration  of  the  nerves  of 
an  insect,  of  injecting  the  vessels  of  a  mouse  or  a  frog,  preparing  minute 
specimens,  and  other  such  p^tical  work,  has  been  very  much  over> 
looked  and  underrated.  It  is,  however,  by  practical  work  of  this  kind 
that  the  student  learns,  as  it  were,  the  very  grammar  of  the  subject, 
which  ought  to  be  mastered,  and  mastered  thoroughly,  and  not  only  by 
those  who  intend  to  work,  but  by  those  who  desire  to  be  able  to  appre- 
ciate and  form  a  judgment  concerning  the  reliability  and  value  of  the 
work  of  others.  Every  student  should  be  taught  to  dissect  small 
animals,  and  those  who  have  succeeded  in  displaying  Ae  nerves  of  a 
frog  may  practise  on  smaller  animals,  such  as  cater[>illars  and  beetles, 
and  some  will  succeed  in  dissecting  with  the  aidof  a  lens  the  nervous 
system  of  a  bluebottle. 

The  number  of  original  observers  emanating  from  our  schools  will 
vary  as  practical  work  is  favoured  or  discouraged.  It  is  certain  that  they 
who  are  most  fully  conversant  with  elementary  detail  and  most  clever  at 
demonstration,  will  be  the  most  successful  in  the  consideration  of  the 
higher  and  more  abstruse  problems,  and  will  feel  a  real  love  for  their 
work,  which  no  mere  superficial  enquirer  will  experience. 

To  endeavour  to  tfiscover  new  methods  of  investigation  is  one  of  the 
most  important  duties  of  every  observer.  To  communicate  these  to  his 
pupils  must  be  the  anxious  desire  of  every  earnest  teacher  of  any  branch 
bf  natural  science. 

Many  little  matters  to  which  I  shall  have  to  refer  are  sure  to  be 
reproachfully  stigmatized  as  mechanical.  Some  may  be  considered  to 
belong  to  the  province  of  the  chemist  rather  than  to  that  of  the  micro- 
scopical observer ;  and  not  a  few  will  perhaps  seem  to  many  readers 
unimportant  and  hardly  worthy  of  attention ;  but  those  who  understand 
the  real  use  of  actual  work  will  not  find  fault  with  me  for  trying  to  teach 
others  how  to  work,  and  it  is  to  those  who  love  work  that  this  book 
appeals.  No  man  ever  performed  real  work  before  he  had  himself 
mastered  many  minute  and  apparently  unimportant  practical  details. 
Every  one  who  has  experienced  the  happiness  of  prosecuting  original 
research  naturally  desires  to  encourage  others  in  the  same  course  ;  and 
now  can  this  be  better  done  than  by  showing  as  clearly  and  precisely  as 
is  possible  how  work  is  to  be  conducted  ? 


Tcff  want  of  a  liille  pnctrcal  experience  in  connection  wiili  micro- 
scopic obscTTOtion,  most  ridiculous  piisUkcs  have  been  made ;  and  it  is 
piobabk  that  many  ur  tbe  wild  fancies  which  have  lately  been  rcck- 
lo^ly  ha/ardcd,   acccfitcd,  and   spread   would    never  liave   disgraced 
acteoce  iT  their  authors  had  in  the  first  instance  been  able  to  demon* 
utate.  for  then  they  might  have  determined  whether  the  things  they  talked 
■bout  had  artual  existence,  and  could  1>c  seen  with  their  own  eyes  and 
rendered  evident  to  others,  or  were  but  the  creations  of  their  own 
UB>giiuuioD&.     No  one  who  had  seen  and  properly  studied  the  lower 
foams  of  life  would  have  jauntily  suggested  the  possibility  of  their  ride 
tlirougfa  space  from  their  birthplace  on  a  Ihtjsment  broken  olT  &om  a 
roNOIc  world.     Tbe  man  who  had  often  pondered  over  the  movements 
oflhe  transpareni  matter  of  an  amceba  would  surely  have  hesitated  before 
ciqg{iesting  to  the  public  the  prescnra'of  machinery,  and  would  never 
han  compared  them  with  the  morements  of  on  automaton.    Even 
1  very  superficial  acquaintance  with  the  actual  structure  and  mode  of 
growth  of  any  tissue  in  nature  would  have  interfered  with  the  afHrmation 
_af  many  of  the  silly  dogmas,  of  which  "  man  is  a  machine  "  is  by  no 
the  only  or  the  most  significant  example.     Moreover,  it  is  quite 
That  a  ver}'  moderate  amount  of  practical   information   upon 
nuuen  microacopic  would  have  prevented  the  public  from  falling  head- 
long into  many  philosophical  traps  which  have  been  laid  to  catch  the 
l^Bonuit  who  desire  to  be  ttuftight  learned,  and  the  unwary  who  wish  to 
appear  knowing.     Kot  one  of  those  who  have  devoted  themselves  to 
tbe  study  of  living  matter,  and  have  seen  with  their  own  eyes  and  contem- 
plated  with  ihcir  own  understandings  the  phenomena  of  living  matter, 
htt  been  able  to  discern  those  promises  and  potencies  which  Dr.  Tyndall 
boastfully  declares  have  been  discerned  by  him  in  matter,  nor  has  one 
■nigle  observer  been  able  to  sec  "  molecular  "*  or  other  machinery  in  the 
living  matter  of  any  living  being.    For  these  and  other  absurd  and  mis* 
dnrvous  statements  received  by  the  materialist  faithful  experienced  ob- 
k0V«n  who  are  familiar  with  the  use  of  the  microscojje  arc  not  responsible. 
By  describing  (he  results  of  the  investigations  of  others,  a  Icicher 
may  spread  Itnowlcdgc.     By  prosecuting  original  enquiries  himself,  he 
any  contribute  his  mite  to  the  gradually  increasing  slock  of  informa- 
tioa ;  bat  by  demonstrating  to  his  pupils  the  successive  stejis  by  which 
cundanons  in  scientillc  enquiries  have  been  at  leii^jth  arrived  at,  and  by 
describtng  minutely  tlie  meihodt>  which  have  been  actually  employed  in 
JBTCstigation,  Uie  teacher  not  only  encourages  his  pupiU  to  become 
original  c^ienrrs,  and  to  investigate  for  lltcinselves,  but  he  may  succeed 
in  placmg  them  in  a  position  to  commence  their  researches  at  the  point 
where  An  enquiry  has  been  abandoned  by  preceding  observers. 

'Itie  ojiiiiion  that  it  is  only  necessary  to  place  an  object  in  the  field 
of  the  miaoscopc  In  order  to  make  out  its  structure,  seems  far  too  pre- 
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valent  Much  of  the  disappointment  suffered  by  many  who  are  provided 
with  microscopes,  may  be  traced  to  this  erroneous  idea.  Too  many  look 
upon  the  microscope  as  a  mere  toy,  and  microscopical  observation  as 
an  amusement,  by  the  help  of  which  time  may  be  made  to  pass  away 
pleasantly.  Few  are  aware  of  the  real  interest  derived  from  intelligent 
investigation,  and  the  instruction  afforded,  and  the  facts  for  contemplation 
and  thought  easily  to  be  obtained  if  only  the  observer  will  acquire 
the  necessary  dexterity  and  elementary  knowledge  to  enable  him  to 
study  with  success.  Many  who  have  become  interested  in  what  was  at 
first  but  rough  and  superficial  investigation  have  persevered,  and  have 
at  length  become  excellent  observers,  who  have  »dded  new  facts  to  our 
knowledge,  or  have  rendered  more  accurate,  information  which  was 
already  possessed. 

Microscopical  investigation  may  be  undertaken  by  persons  in  almost 
any  [wsition,  and,  it  need  scarcely- be  said,  by  both  sexes ;  indeed,  this 
is  a  department  in  which  ladies  are  likely  to  excel.  It  should  also  be 
borne  in  mind  that  money  is  to  be  earned  tn  various  departments  of 
microscopical  work.  By  making  specimens  and  preserving  and  mount- 
i;ig  them,  by  drawing,  by  making  enlarged  diagrams  from  the  microscope, 
and,  lastly,  by  engraving  on  copper,  steel,  stone,  or  wood  the  appear- 
ances of  various  microscopical  specimens,  fair  remuneration  may  be 
obtained  by  any  one  who  has  acquired  the  requisite  skill.  The  nume- 
rous cheap  and  excellent  microscopes  which  have  lately  been  made  by 
many  English  makers  have  largely  contributed  to  diffuse  a  knowledge  of 
the  minute  structure  of  various  natural  objects.  The  annually  increasing 
sale  of  instruments  of  all  classes  shows  how  popular  this  branch  of 
enquiry  is  becoming ;  yet  it  must  be  confessed  that  the  additions  to 
scientific  knowledge  are  by  no  means  so  great  as  a  consideration  of  these 
circumstances  would  have  led  us  to  expect.  Although  there  are  many 
instruments,  I  fear  it  must  be  confessed  that  the  real  observers  are  com- 
paratively few.  At  the  same  time  it  is  quite  certain  that  some  persons 
set  themselves  up  as  original  investigators  whose  range  of  observation 
has  been  very  limited.  Although  by  working  at  one  special4ftpartment  of 
enquiry  a  man  may  undoubtedly  discover  new  facts,  he  will  be  liable  to 
make  grave  errors,  and  will  almost  certainly  arrive  at  wrong  conclusions 
if  he  attempts  to  generalize.  Before  attempting  original  investigation, 
however,  every  student  should  obtain  instruction  or  instruct  himself  in 
different  departments  of  microscopic  enquiry,  and  should  examine  the 
same  object  in  many  different  ways.  The  experience  thus  gained  will 
be  of  the  greatest  service  to  him  in  special  investigations,  and  his  eye 
and  mind  will  have  been  subjected  to  careful  training,  by  which  alone 
success  is  rendered  possible,  and  the  most  unfortunate  mistakes  avoided. 
For  teachers  of  natural  science  a  practical  knowledge  of  microscopical 
investigation  is  becoming  daily  more  important     It  is  more  than  ever 
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newlful  we  sbouUl  leach  as  much  as  possible  by  the  eye.  In  teaching 
r  nc:h  of  iialunil  science  deaiaMstratioa  ought  to  be  combined  with 

I"  ■  -  nption.  The  student  shoifld  see  what  is  descrilxrd  ;  and  where 
it  14  not  possible  for  the  teacher  to  exhibit  illustrative  specimens,  good 
models,  tlrawin)^  and  explanatory  diagrams  should  lie  supplied.  It  is 
the  duty  of  every  teacher  to  study  how  to  communicate  knowledge 
■hu/  foiil^  and  mast  dfttrly,  and  to  save  the  student  as  much  time  as 
possible,  for  it  Ts  not  likely  that  the  amount  of  worli  requirLtl  uf  him 
will  be  reduced,  nor  indeed  is  it  desirable  liiat  it  should  lie.  But  it  is 
crrtunly  the  duly  of  aH  teachers  to  facilitate  the  acquisition  of  know- 
ledge in  every  |)OS5ilil#  way.  A  lecturer  on  any  branch  of  microscopic 
enqutry  should  shoW  his  |>upil8  the  structuie  he  describes,  and  teach 
them  how  tlKy  may  demonstrate  for  themselves  the  facts  observed  in  his 
i^'cimcns,  and  depicted  in  his  drawings.  With  the  aid  (^  the  little 
imcroicopcs  referred  to  on  page  17,  twelve  microscopical  specimens  can 
be  fiassed  round  a  class  consisting  of  more  ihan  a  hundred  students 
in  the  course  of  an  hour's  lecture,  and  without  tJie  lecture  Itself  being 
in  any  way  intemipted.  It  is  desirable  to  encourage  the  students  to 
make  rough  diagrams  of  what  they  arc  able  to  observe  in  a  cursory 
fiance  at  the  specimens. 

Some  years  ago,  when  Profewor  of  Physiology,  I  exhibited  and 
ribed  at  each  of  my  lectures  at  King's  College,  three  or  four  speci- 
I,  so  that  in  the  course  of  a  session  each  pupil  had  an  opportunity  of 
examining  more  than  three  hundred  prcjtarations  of  the  tissues  and  organs 
Ot  the  body.  The  microscoites  referred  to  (see  §  19,  p.  17)  are  well 
adapted  for  every  kind  of  class  demonsiralion.  With  low  jiowers  these 
in&trunienls  may  be  employed  in  village  schools  with  great  advantage. 
Hot  only  may  paru  of  insects,  the  hairs  and  otlier  parts  of  animals, 
aj^aAlb  of  diffcTcnt  substances,  stones,  minerals,  and  various  objects  of 
mtcrest  be  shown,  but  the  internal  stnictinc  of  the  |>etals  of 

rerf.  the  hairs  and  leaves  of  various  plants,  and  other  organs,  may  be 
displayed  and  clearly  demonstrated. 

Ak  a  teftcJwr  first  of  general  anatomy  and  physiology,  then  of  morbid 
aitttomjr,  and  lastly  of  medicine  iu  a  large  medical  school  and  hospital, 
I  have  natumlly  been  led  to  direct  my  attention  chiefly  to  the  special 
branches  of  micToscopical  investigation  whicli  belong  more  particularly 
10  those  departments,  and  which  bear  more  or  less  directly  upon  the 
iovFStigation  and  treatment  of  disease,  and  which  are  treated  of  in 
••llie  .MicTo«:o|>e  in  Medicine"  (fourth  edition,  1878).  Hut  from  the 
\mrsetn  work  I  shall  exclude  cver>'  thing  of  a  strictly  mc<lica!  character. 
Only  tho»c  processes  applicable  to  general  microscopical  research,  and 
to  tJie  invcitiKalion  of  animal  and  vegetable  tissues,  organic  and  inor- 
ganic, tluids  and  solids,  minerals  and  fossils,  will  be  discussed  in  the 
foUowing  pogcA. 


PART    I. 

THE  MICROSCOPE  AND  GENERAL  MICROSCOPICAL  APPARATUS — OT  IL» 
LUMINATING  OBJECTS— OF  DRAWING,  ENGRAVING,  AND  MEASURIMQ 
— INSTRUMENTS,  GLASS  CELLS,  CEMENTS,  PRESERVATIVE  FLUIDS^ 
AND  OTHER  THINGS  REQUIRED  IN  ORDINARY  MICR0SC0PIC4L 
WORK. 

1.  Tbe  HlerMeopc — It  is  not  desirable  in  a  practical  work  like  th^ 
present  to  enter  into  minute  details,  concerning  either  the  mechanical  at_ 
optical  arrangements  of  the  microscope,  especially  as  there  are  many 
excellent  books  published  in  this  country,  in  America,  and  on  the 
Continent,  in  which  these  points  are  fully  discussed.  I  shall  therefore 
allude  only  in  general  terms,  and  as  brieily  as  possible,  to  the  various 
parts  of  which  the  instrument  is  composed. 

S.    The  Simple  Microscope,  fig.   2,  pL   I,    is   of  use  chiefly  in  dlft 
examination  and  dissection  of  comparatively  large  objects.    It  coi 
of  a  firm  support,  on  which  the  stage  or  rest  for  the  object  is  placed^ 
the  mirror  being  beneath,  and  the  magnifying  lens  above.     In  this  | 
arrangement  the  magnified  image  of  the  object  passes  at  once  to  thel 
eye  of  the  observer.     A  very  good  substitute  for  a  simple  microscope;^ 
is  a  watchmaker's  toup  or  lens,  the  frame  of  which  can  be  grasped 
the  muscles  around  the  eye. 

a.  Tbe  Compound  nieroHcope  is  the  only  instrument  now  used  tat' 
minute  research.  Until  those  great  improvements  in  the  mode  of  com- 
bining the  glasses,  now  universally  adopted,  had  been  introduced  by 
the  successful  labours  of  Mr.  Lister,  Mr.  Ross,  Mr.  Powell,  and  odien, 
the  compound  microscope  was  a  very  imperfect  instrument,  and  even 
up  to  the  present  century  the  simple  microscope,  as  employed  by 
Leeuwenhoek,  and  improved  by  Wollaston  and  others,  possessed  some 
advantages  over  its  more  complex  but  imperfect  rival  In  the  compoimd 
microscope^  fig.  r,  pi.  I,  the  object-glass^  c,  is  placed  at  one  end'of  a  braM 
tube  and  the  eye-piece  at  the  other.  The  greater  the  distance  between 
the  two  the  higher  will  be  the  amplification  of  an  object  The  toti 
length  of  the  tube  with  its  eye-piece  and  object-glass  varies  in  difforeth 
instruments,  but  upon  the  whole  it  will  be  found  that  from  six  to  twelve 
inches  will  be  sufficient,  as  the  tube  can  be  easily  lengthened  if  desiredr 
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The  magnifying  powier  of  the  compound  microscope  maf  be 
augmented  : — i.  by  increasing  the  pONfcr  of  the  oh/fi-t-^latt ;  2,  th.it  of 
the  tyf-pie^:  or,  3,  by  incrci-sing  the  distance  between  the  object-glass 
and  the  eyc-ptece  by  means  of  a  draw-tube  provided  in  the  instrument, 
or  by  arUIing  a  tube.  I  have  had  several  such  tubes  mode,  of  different 
lengths,  which  may  be  intcr{MJsed  as  desired. 

It  must  be  borae  in  mind,  however,  that  in  tlie  two  lost  cases  any 
naperfections  which  may  exist  in  the  object-glass  are  greatly  augmented. 
Hence,  as  a  general  rule,  we  should  not  work  with  deep  eyc-picccs,  but 
when  we  wish  to  magnify  an  object  more,  we  should  adapt  to  the  in- 
stmmcnt  an  objective  of  higher  magni^'ing  power.  In  some  obscr^-a- 
ttoae,  hnwet-er,  it  is  a  matter  of  importance  to  be  able  to  work  with  a 
lens  which  permits  some  space  between  its  lower  glass  and  the  prepan- 
tkm.  and  the  increa-scd  lungth  of  the  tulK  becomes  the  most  satisfactory 
way  of  obtaining  the  necessaty  degree  of  ampliAcation.  In  studying  the 
drcuLuiOD  of  the  blood  in  the  smaller  vessels  of  the  frog's  foot  1  found 
great  advanttge  result  from  the  Lidoptioti  of  this  method.  Information 
upon  employing  very  high  powers  will  be  found  near  the  end  of  the 
work. 


O^iiol  Portion  of  the  Mitroif^pe. 

The  Pftkal  poriion  of  the  ordinary  microscope  Includes  the  eye-pita, 
»^eti'^ast,  and  the  mirror  from  which  the  light  ii»  rctlecced  so  as  to  pass 
through  the  object. 

TTie  image  in  the  compound  microscope  is  inverted,  but  this  incon- 
renience  may  be  obviated  by  causing  it  before  it  reaches  the  eye  to  pass 
through  another  set  of  Icitses  inserted  in  the  tube  of  the  microscope, 
and  termed  the  fredor.  This  instrument  consists  of  a  tube,  at  one  end 
of  which  is  a  plano-convex  lens,  and  at  the  other  a  meniscus,  a  dia- 
pbiagu  being  placed  about  midway.  This  is  inserted  in  the  tube  of  the 
iricroscope  above  the  objea-glass,  and,  like  the  similar  arrangement  in 
li»c  telescope,  reverses  the  image. 

4.  TfciFBttTv  Brc-piecc. — The  eye-piece  in  ordinary  use  is  the  negative 
or  PpHghenian  cyc-piccc,  fig.  3,  pi.  I.  It  consists  of  two  plano-convex 
the  dat  surfaces  of  each  being  directed  upwards.  The  one 
the  eye  of  the  observer  is  the  /ye-giasi,  and  the  other  at  the 
greater  distance  the  peid-glass.  The  large  microscopes  are  usually 
;>plied  with  two  or  tliree  eye-pieces,  so  that  the  amplification  of  an 
ject  may  be  doubled  or  trebled. 

Ketmer's  eye-piece  is  made  like  the  above,  but  the  cyc-glass  is  an 
achromatic  combinatiotL  At  the  suggestion  of  Mr.  Urooke  I  have  lately 
UHMJ  this  eye-piece  as  a  condenser  with  the  best  results. 

ft.  Tbr  ro*iuvc  Ej-r-iiirce,  of  Ramsdcn,  is  only  used  in  those  cases 
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in  which  it  is  necessary  to  see  distinctly  some  object  in  the  eye-piece, 
as,  for  instance,  an  instrument  for  measuring,  at  the  same  time  that  the 
object  is  in  focus.  Jn  this  eye-piece  the  convex  surfaces  of  each  of  the 
two  glasses  are  directed  towards  one  another  as  seen  in  tig.  4,  pL  I. 

e.  ObjccusluBeB. — The  object-giasses,  hg.  7,  pi.  I,  used  in  the  best 
instruments,  are  of  English  manufacture,  but  many  really  good  object- 
glasses  are  now  furnished  with  the  cheap  microscopes,  some  of  which 
are  made  on  the  Continent,  and  are  produced  at  a  very  cheap  rate. 

The  two  most  useful  object-glasses  for  a  student  are  the  quarter  of  an 
inch  which,  with  the  No.  i  eye-piece,  should  magnify  from  300  to  320 
diameters,  and  the  inch  which  should  magnify  from  30  to  40  diameters. 
The  definition  of  these  glasses  should  be  good,  and  they  should  transmit 
plenty  of  light  Any  lines  in  a  structure  examined  by  them  should 
appear  sharp  and  distinct.  The  field  .should  be  Sat,  every  part  of  it  in 
focus  at  the  same  time,  not  too  small,  and  there  should  be  no  coloured 
rings  round  any  object  subjected  to  examination.  The  achromatic  object- 
glasses  consist  of  three  sets  of  lenses,  each  of  which  is  in  itself  com- 
pound. Mr.  Wenham,  however,  made  some  excellent  high  powers  mth 
a  single  front  lens,  and  this  plan  has  since  been  adopted  by  some  of  the 
makers.  An  important  improvement  in  the  making  of  object-glasses  has 
been  made  by  Mr.  Wales,  of  Fort  Lee,  New  Jersey,  who  at  the  sugges- 
tion of  Prof.  H.  L.  Smith,  of  Kenyon  College,  U.S.,  has  added  a  second 
posterior  combination,  which  may  be  substituted  for  the  ordinary  one 
when  objects  are  to  be  examined  with  very  oblique  light.  The  arrange- 
ment also  possesses  some  advantages  for  photographic  purposes. 

Many  of  the  new  French  and  German  objectives  have  excellent 
defining  power,  and  are  produced  at  very  small  cost.  Of  late  Mr.  Swift 
and  other  English  makers  have  succeeded  in  making  objectives  quite 
equal  to  them,  at  the  same  price.  By  employing  a  glass  of  great 
refractive  power  Messrs.  Parkes  and  Son,  of  Birmingham,  have  made 
some  high  power  lenses,  which  have  excellent  defining  power,  at  a  very 
low  price  The  one-sixth  cost  1/.  15/.,  and  the  one-seventh,  of  105° 
aperture,  2/.  The  working  distance  of  these  objectives  from  the  thin 
glass  covering  the  object  is  greater  than  in  the  case  of  most  objectives 
of  the  same  degree  of  magnifying  power. 

Object-glasses  of  high  power  are  now  generally  made  so  that  the 
object  must  be  viewed  through  a  thin  stratum  of  distilled  water  placed 
between  and  touching  the  surfaces  of  the  front  lens  of  the  objective  and 
the  covering  glass  (d  immersioti).  The  image  has  a  peculiar  brightness, 
and  as  Mr.  Brooke  has  observed,  the  object  is  more  highly  illuminated, 
because  more  oblique  rays  are  admitted  than  would  otherwise  pass  into 
the  lens  ;  the  working  distance  of  the  objective  is  somewhat  increased, 
while  the  price  of  glasses  of  the  same  magnifying  power  is  less.  Im- 
mersion object-glasses  were  first  made  by  M.  Hartnack,  of  Paris,  the 
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successor  of  OlMrrhiiuser,  but  iliey  are  now  produced  by  all  die  best 

makt:T^  Mr.  Steijhenson  uses  oil  instead  of  water,  and  thus  gains  great 
Advantages  it)  resulving  P.  Anijulatum,  and  such  objects.  Zeiss  has 
btcJy  made  some  improved  immersion  lenses,  for  use  with  oil  of  cedar> 
wood. 

For  the  ose  of  objecdves  of  very  high  magnifying  power,  ue  pan  VI. 

Mr.  Broek/s  doudlf  nosf'puce  is  useful  and  saves  much  time.  A 
revolvmj;  frame  is  anrmgcd  for  carrjing  two  or  more  objectives,  which 
can  be  easily  brought  into  position  at  the  end  of  the  body  one  after  the 
other. 

Mr.  Stnjfs  remtring  nese-piue. — Mr.  S\vift  has  designed  a  very  in- 
Cenious  DOse-piece,  by  the  aid  of  which  the  (^jcct-gLnss  can  be  perfectly 
ctmred  after  it  is  screwed  on  to  the  body  of  the  microscope.  The 
■nangemcnt  is  similar  in  principle  to  that  employed  for  centring  the 
cofidcnser.    Jt  will  be  understood  by  reference  to  fig.  1 1,  pi.  VIII,  p.  i8. 

1.  SpbrrlrKl  nnd  Chr*m«tl«  Ahcrrailoa. — Unless  the  objective  IS 
pTOfierly  corrected  lor  spherical  and  dirumalic  alKrration,  pi.  I,  figs. 
5  Ac  6,  it  is  valueless  to  the  observer.  Sphcrual  aherratton  may  be 
kaovn  by  the  want  of  nharpness  when  a  fine  line  or  small  5pot,  or  body 
with  a  well-defined  circular  oudine,  is  examined.  The  Imes  seem  to 
be  Uuipfd  and  foggy,  and  when  there  are  several  lines  or  spoU  near  to 
one  another,  they  appear  to  run  together,  producing  a  general  sh.i(!ow, 
initcad  of  each  one  being  distinctly  defined  and  separated  from  its 
aei^loure.     If  the  glass  has  not  been  properly  corrected  for  thnmatk 

rru/ttm,  lines  and  dots  are  seen  with  coloured  fringes,  Ww  if  the  lens 
}uHdfr-c<^rrt^/,i,  reddish  M  aver-iorrtded. 

».  rtaiMfiM  ar  Field  can  be  tested  by  moving  an  object  from  one 
pin  of  the  field  to  another  without  ahering  its  distance  from  the  object- 
glass.  If  the  field  is  flat,  die  object  will  ap[>ear  e(|ually  wclL-detiDed  in 
aO  puts,  but  if  the  gla.-is  is  defective  in  this  paiiicular,  an  object  ao 
onnuely  focmsed  in  the  cenae  will  be  found  to  be  blurred  and  out  of 
loLiu  when  it  is  moved  to  tlie  circumference.  Or  a  stage  micrometer, 
$6o,  mled  to  hundredths  and  thousandths  of  an  inch,  may  be  brought 
into  focus.  If  the  lines  are  sharp  and  clear,  and  perfectly  parallel  to 
Cpoe  another  in  every  jxirt  of  the  ticld,  the  glass  is  a  good  one ;  but  if 
Botne  appear  curved  and  thicker  at  the  circumference  of  the  field  than 
ti  "us  centre,  the  glass  is  defective. 

tt  »  not  to  be  supposed  that,  even  if  the  most  minute  directions 
were  given,  the  student  jiLst  commencing  work  would  be  able  to  test  the 
object -glares  he  was  about  to  ptirchx-vc,  in  all  necessary  particulars. 
Generally  tie  must  trust  the  nukcr,  but  if  he  desiics  to  ascertain  if  his 
object-glass  is  good,  perhaps  the  simplest  plan  is  to  compiire  the  images 
produced  by  Uic  same  object  first  placed  under  his  own  power  and  then 
Qoder  a  glass  magnifying  in  the  same  degree,  but  of  known  excellence. 
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V.  Antfl»  of  Aperture — For  ordinary  work  it  will  be  found  incon- 
venient if  the  object^lasSf  when  in  focus,  comes  too  close  to  the  object. 
This  is  a  defect  in  glasses  having  a  high  ang^/e  of  aperture.    The  angle  of 
aperture  is  the  angle   made  by  two  lines  from  opposite  sides  of  the 
aperture  of  the  object-glass  with  the  point  of  focus  of  the  lens.     The 
angle  B  A  B  in  fig.  8,  pi.  I,  is  the  angle  of  aperture.    Glasses  with  a 
high  angle  of  aperture  admit  much  light,  and  define  many  structures  of 
an  exceedingly  delicate  nature,  which  look  confused  when  examined  by 
ordinary  powers.    For  general  microscopical  work,  however,  glasses  of 
medium  angular  aperture  are  to  be  recommended. 

Glasses  having  an  an<;Ie  of  1 50  degrees  and  upwards  are  valuable 
for  investigations  upon  many  very  delicate  and  thin  structures,  such  as 
the  diatomacese ;  but  such  powers  are  not  well  adapted  for  ordinary  work. 
The  importance  of  arranging  the  object  very  carefully  and  the  necessity 
of  paying  great  attention  to  the  adjustment  and  illumination,  render 
these  glasses  inconvenient  for  general  observation.  The  penetrating 
power  of  glasses  with  a  low  angle  is  greater  than  in  those  of  a  high  aiigle 
of  aperture,  and  exact  adjustment  of  all  the  lenses  is  of  the  utmost  im- 
portance. If  then  the  object  to  be  examined  is  of  considerable  thick- 
ness, an  objective  of  moderate  angle  is  to  be  preferred,  but  this  view  can 
only  be  acted  upon  within  certain  moderate  limits,  for  if  the  angle  is 
reduced  too  much  there  is  great  loss  of  definition,  as  I  have  learnt  to 
my  cost  in  the  case  of  a  quarter  which  I  had  made  and  which  was 
almost  useless,  except  for  examining  objects  by  reflected  light 

The  refraction  produced  by  the  passage  of  the  light  through  the  thin 
glass  covering  the  object  varies  according  to  its  thickness,  and  it  has 
been  found  necessary  to  render  the  higher  objectives  capable  of  beii^ 
adapted  to  this  varying  refraction.  An  arrangement  for  "  correction  "  is 
especially  necessary  in  the  case  of  glasses  of  high  angle  of  aperture,  and 
usually  consists  of  a  screw  collar,  by  turning  which  the  distance  between 
the  front  and  second  pair  of  glasses  may  be  increased  or  reduced.  An 
engraved  line  shows  the  point  to  which  the  lens  should  be  set  for 
uncovered  objects.  Its  adjustment  for  covered  objects  is  to  be  effected  in 
the  following  manner  :^arTange  the  objective  as  if  for  an  uncovered 
object ;  then  any  object  covered  with  thin  glass  is  brought  into  focus  by 
moving  the  body  of  the  microscope ;  next  the  milled  adjustment  ring 
adapted  to  the  object-glass  is  turned  round  until  any  particles  of  dust 
upon  the  upper  surface  of  the  thin  glass  covering  the  object  are  brought 
into  focus.  The  lens  is  thus  "corrected"  for  the  thickness  of  the  cover, 
and  it  only  remains  to  re-focus  the  object. 

The  mechanical  arrangement  usually  employed  in  this  country  for 
"correcting"  is  not  quite  satisfactory,  especially  in  the  case  of  the  very 
high  objectives.  The  screw  works  too  hard,  and  the  thread  is  too 
coarse.     Mr.  Wenbam  has  introduced  a  great   improvement,  which 
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entirely  overcomes  these  objections,  and  enables  the  observer  to 
"correct "  from  time  to  time  while  he  is  examining  the  object.  The 
middle  and  posterior  lenses  are  made  to  alter  their  position  instead  of  the 
front  lens.  This  is  a  very  valuable  improvement  Other  modifications 
have  since  been  made,  among  the  most  simple  and  advantageous  of  which 
may  be  mentioned  the  very  ingenious  movement  recently  introduced 
by  Mr.  Swift.  The  screw  should  work  so  easily  that  the  observer  may 
turn  it  first  in  one  direction  and  then  in  the  opposite  while  the  object  is 
beii^  C3tamined.  In  this  way  he  will  be  able  to  ascertain  the  exact 
prant  at  which  a  particular  object  is  seen  in  the  greatest  perfection.  In 
using  the  highest  magnifying  powers  different  objects  in  the  very  same 
prqaration  will  vary  in  clearness  according  to  the  depth  at  which  they 
Be  in  the  preservative  medium,  and  the  lens  will  accordingly  require 
mjmg  adjustment 

W.  y%t  Mirrsr,  p).  VI,  fig.  6,  p.  14,  should  slide  upon  a  perpen- 
dicular bar  or  tube  beneath  the  stage,  so  that  it  may  be  arranged  near 
lOi  or  at  a  distance  from,  the  object,  and  it  should  be  capable  of  being 
inclined  at  any  angle,  so  that  rays  of  light  may  be  reflected  from  it 
and  made  to  pass  direcdy  through  the  object,  or  thrown  upon  it  very 
obliqaely.    The  mirror  should  be  of  at  least  two  inches  in  diameter,  one 
sin^ce  quite  plane  and  the  other  concave,  so  that  a  strong  light  may  be 
condensed  upon  the  object,  if  desired.    The  achromatic  condenser  and 
other  pieces  of  apparatus  of  advantage  for  examining  objects  by  trans- 
mitted and  reflected  light  are  described  further  on.     Se£  p.  29. 

Mechanical  Portion  of  the  Microscope. 
In  directing  attention  to  the  mechanical  portion  of  the  microscope, 
I  nmst  say  a  few  words  upon  the  arrangements  for  altering  the  focus, 
the  body  of  the  instrument,  the  diaphragm,  and  the  stage. 

n.  A^lBStHcnta  for  altcrinc  Uie  Focus. — The  ordinary  movement  is 
obtained  by  the  rack  and  pinion.     In  some  microscopes  the  body  is 
tnored  by  the  fingers  alone,  and  is  arranged  to  slide  in  a  tube  (which 
may  be  lined  with  cloth)  like  a   telescope.     In  the  instruments  of 
Mr.  Ladd  the  requisite  motion  is  obtained  by  the  ordinary  milled  head, 
which  operates  upon  a  chain  instead  of  the  rack  and  pinion  which  is 
commoiUy  employed.    Besides  coarse  adjustment,  however,  every  micro- 
scope should  be  provided  with  a  more  delicate  movement  for  altering 
the  focus  when  high  pwwers  are  employed.     The  details  of  the  arrange- 
m«it  of  ^t  fine  adjustment  are  different  in  various  instruments.     The 
movement  of  Mr.  Ladd's  chain  is  so  regular  and  delicate  as  to  supersede 
the  necessity  of  a  fine  adjustment     Mr,  Collins  has  recently  introduced 
a  vciy  ingenious  modification  of  the  arrangement  for  fine  adjustment, 
which  works  excellently,  and  is  not  likely  to  get  out  of  order.    This  will 
be  understood  by  reference  to  pi.  IV,  fig.  2. 
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u.  The  B»«r  mt  the  HierMcepe. — The  instrument  should  be  per- 
fectly steady,  whether  the  body  be  inclined  or  arranged  in  a  vertical 
position  ;  and  not  the  slightest  lateral  movement  or  vibration  should  be 
communicated  to  the  body  of  the  microscope  when  the  focus  is  altered 
by  turning  either  of  the  adjustment  screws.  The  base  or  foot  should  be 
sufficiently  heavy  to  give  steadiness,  and  should  touch  the  ground  in 
three  places  only,  or  the  body  should  be  fixed  upon  three  feet  The 
foot  or  base  may  be  made  of  cast  iron,  or  even  of  zinc,  or  some  other 
cheap  metal. 

The  body  ought  to  be  provided  with  a  joint,  so  that  it  may  be 
inclined  or  placed  in  a  horizontal  position,  as  is  requisite  when  drawings 
are  made  with  the  camera,  or  when  objects  are  measured  by  the  aid  of 
that  instrument  or  the  steel  disc  or  neutral  tint  glass  reflector.  Another 
advantage  gained  by  this  moveable  joint  Is  that  the  muscles  of  the 
observer's  neck  do  not  become  so  tired  when  the  body  of  the  micro- 
scope is  inclined  as  when  the  head  has  to  be  bent,  for  several  hours  at 
a  time,  over  an  instrument  standing  upright  The  larger  the  microscope 
may  be,  the  more  necessary  is  this  joint  for  the  comfort  of  the  observer  ; 
and  as  it  in  no  way  impairs  the  steadiness  of  the  instrument,  and  only 
adds  a  few  shillings  to  the  expense,  I  recommend  every  one,  in  choosing 
a  microscope,  to  select  an  instrument  the  body  of  which  may  be  placed 
in  a  vertical,  inclined,  and  horizontal  position. 

IS.  The  stmse  should  be  at  least  three  inches  in  length  by  two  and 
a  half  in  width,  and  there  should  be  a  distance  of  at  least  an  inch  and  a 
half  from  the  centre  of  the  opening  in  the  stage  over  which  the  slide  is 
placed,  to  the  upright  pillar— ij,  fig.  9,  pi.  I.  The  stages  of  the  micro- 
scopes of  Nachet,  Oberhauser,  and  indeed  those  of  most  of  the  foreign 
makers  are  too  contracted  for  convenience.  A  good  lai^e  stage  is  a 
great  advantage,  and  it  should  be  so  arranged  that  a  small  saucer  can 
be  placed  upon  it  and  moved  freely  in  various  directions.  A  piece  of 
thin  plate-glass,  of  a  required  size,  may  be  made  to  fit  on  the  stage,  and 
thus  a  small  stage  is  easily  converted  into  a  large  one. 

14.  DUphnmn. — Beneath  the  stage  a  circular  diaphragm  plate  with 
holes  in  it  of  several  different  sizes,  should  be  so  arranged  that  it  can 
be  made  to  revolve  without  difficulty  and  any  hole  brought  under  the 
object ;  a  catch  is  of  great  advantage,  as  it  tells  the  observer  when  each 
particular  opening  reaches  the  centre  of  the  field,  pi.  I,  fig.  9.  Various 
arrangements  have  been  adopted  for  altering  the  size  of  the  aperture  in 
the  diaphragm  instead  of  having  a  revolving  plate  with  several  holes  of 
different  sizes.  One  of  the  most  ingenious  is  that  devised  by  Mr.  B. 
Kincaid  ("  Mic  Journal,"  July,  t866,  p.  75).  This  is  made  of  a  short 
piece  of  thin  India-rubber  tube,  the  two  ends  of  which,  fixed  to  brass 
rings,  are  made  to  revolve  in  opposite  directions,  so  that  the  central  part 
becomes  contracted.    An  aperture  of  any  size  may  be  obtained,  and  the 


epCTinprtHistbealvrap  perfectly  central.     The  graduating  diaphragm  of 
Kr.  CoUiKi  is,  however,  tbc  most  useful  dUpbmgm  yet  nudt^  pL  XVII, 
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a.  HDdmia'  nirrmmvmw*: — Mr.  Salmon  (1853)1  Mr.  Ilighlcy,  see 

pL  III,  ind  Mr.  Matthews  were,  as  far  as  1  know,  tlie  first  makers  in 

LfiBfi-  -"'■'  '---i-ight  oal  realiygood,  practical  instruments,  furnished  with 

^ayi  m;8,  ai  very  low  pricea.     Mr.  Salmon's  original  student's 

aiiooscapc  is  represcnicd  in  pi.   II.     This  was  a  good  worltinK  itisiru- 

scat  and  cost  five  pounds.      The  sale   for  cheap  instnuncnts  has 

wodi  inrreasoil    and    is    now    enormous.      AltJiough    many   teachcrr; 

«ni^  recommend  foreign  microscoiws  in  preference  to  those  made  in 

1^  CMTO  cu'intry.  it  is  dtfTicull  to  understand  why,— seeing  that  instni- 

D0ib  as  good  and  as  cheap  are  made  here.     It  is  probable  that  many 

ane  cheap   microscopes  are   made  in    Fngland  than  elsewhere,  and 

ttotcan  be  no  doubt  that  any  instrument  could  be  made  here  as  well 

M,  and  at  a  lower  price  Ihon,  abroad,  if  only  a  large  number  could  be 

puj  ia  hand.     Of  late  year^  the  improvements  in  cheap  microscopes 

hare  been  very  great,  and  nearly  all  the  makers  now  furnish  student's 

ftnrroscDpes,  which  are  T»!ally  good  and  useful,  for  Irom  3/.  to  5/. 

1  wonid  strongly  rerommend  ail  who  are  about  to  purchase  a  cheap 

jartntmem  to  examine  the  student's  microscope  made  by  Messrs.  Smith 

aod  Beck.  Mr.  Collins.  Mr.  Crouch,  Mr.  Baker,  and  the  microscopes 

rwently  introduced  by  Mr.  Swift  fPLites  IV,  X),  and  those  made  by 

Mr  Parfces.  of  Birmingham. 

IS,  uinre  nieroscApes. — TTie  Iai:ge  expensive  mi<Toscopcs  are  pro- 
vided with  every  instrument  which  modem  science  has  placed  at  the 
AfMBttl  of  the  observer.     For  delicate  invesiigntioos  many  of  these  arc 
isralaatJe.   but  for  onlioary  work   they  are  not  necessary,  and  their 
apouc  ts  10  great  as  to  place  them  beyond  tlie  reach  of  the  majurity 
of  ctodents-      Very  expensive  and  delicate  itutruments  are  seldom 
nrrranry  for  ordin.iry  work,  and  on  those  few  occasions  when  a  very 
peifect  instrument  is  re<|uirc(l.  the  student  may  appeal  to  some  friend, 
wtiA  poaBesKS  a  large  microscope,  for  permission  to  c-xamine  his  objects 
by  it     The  members  of  llie  Microscopical  Society  have  the  advantage 
of  BRHg,  uitdeT  certain  re^ilationtf,  most  tieautiftil  infOrumcnts  provided 
wHk  Tery  high  powers.     A  complete  one  has  been  liberally  presented  to 
thcSodety  by  Mr.  Ross.     These  microscopes  are  now  arranged  ready 
tor  wQlll  at  the  Royal  Microscopical  Societ/i)  rooms,  at  King's  College, 
boa  (to  8  o'clock  on  each  evening  the  Society  meets.     Id  the  Rad- 
di&  Lilaaiy  at  Oxford  is  pbced  one  of  Vowell  and  Lcaland's  large 
BBOtiKopes  complete,  tncUiding  a  -^i  which  may  be  used  for  eKamina- 
noo  voder  ceitain  restrictions. 


--—        ^^^^ 
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I  should  advise  those  who  wish  for  a  microscope  as  perfect  as  can 
be  made  in  the  present  day,  to  examine  the  beautifial  microscopes  irf 
Messrs.  Powell  and  Lealand.  In  alluding  specially  to  these  instm- 
ments,  I  wish  it  to  be  distinctly  understood  that  I  do  not  in  any  waj 
disparage  the  work  of  other  makers ;  but  as  I  have  very  great  experience 
in  the  use  of  these  instruments,  I  feel  it  right  to  say  that  I  have  always 
found  their  working  powers  excellent  Messrs.  Powell  and  Lealand 
have  done  much  to  perfect  the  compound  microscope,  and  they  have 
produced  the  highest  and  most  perfect  object-glasses  yet  made.  The 
folding  microscope  is  a  valuable  and  highly  convenient  form  for  travel* 
ling,  and  occupies  a  very  small  space.  It  is  represented  in  pi.  VII,  p.  i6. 

11.  Blnocnlmr  HlcroBcopcB. — The  binocular  is  applicable  to  almost 
every  kind  of  microscopical  research,  but  it  is  not  necessary  for  the 
student,  and  I  do  not  recommend  those  who  are  beginning  to  work  at 
microscopical  investigation  generally  to  provide  themselves  with  one. 
The  instrument  is,  however,  very  desirable  for  special  work,  and  by  its 
use  a  more  correct  idea  of  many  objects  may  be  obtained  ;  but  for  the 
ordinary  microscopic  work  undertaken  by  beginners,  and  for  the  exami- 
nation of  vegetable  and  animal  tissues,  the  usual  instrument  is  to  be 
much  preferred.  The  binocular  should  be  a  separate  microscope  alto- 
gether, or  it  should  be  possible  to  remove  the  binocular  tube  from  the 
body  of  the  microscope,  and  substitute  for  it  an  ordinary  single  tube. 
Excellent  and  cheap  binocular  microscopes  are  made  by  Messrs.  Crouch, 
Messrs.  Murray  and  Heath,  Mr.  Collins,  pi.  V,  Mr.  Swift,  and  other 
makers.  {See  the  list  of  makers  at  the  end  of  the  volume.)  Binocular 
microscopes  may  now  be  obtained  of  the  above  makers  at  prices  ranging 
from  1 2/.  to  ^b/. 

M.Nachet's  instrument,  fig.  2,  and  Mr.  Wenham's  perfected  binocular, 
fig-  3.  are  represented  in  pi.  VI.  Mr.  Wenham  has  succeeded  in  producing 
two  or  three  binocular  arrangements.  The  first  plan  he  adopted  will  be 
understood  by  reference  to  pi.  XIII,  fig.  2 ;  but  the  new  method  last  sug- 
gested by  him,  and  now  adopted  by  all  microscope  makers  in  this 
country,  is  shown  in  pi.  VI,  fig.  3. 

Binocular  for  the  highest  magnifying  powers. — Messrs.  Powell  and 
Jjealaiid  have  recently  succeeded  in  devising  a  plan  by  which  a  binocular 
arrangement  can  be  adapted  to  the  highest  powers ;  the  binocular  in 
ordinary  use  being  suitable  only  for  the  examination  of  objects  by 
powers  magnifying  less  than  200  diameters.  This  new  plan  is  adapted 
only  for  high  powers,  and  may  be  used  with  the  -^.  The  prisms  em- 
ployed are  represented  in  pi.  VI,  fig.  5.  They  are  placed  above  the 
object-glass.  Of  the  total  number  of  rays  which  have  passed  through 
the  object-glass,  the  greater  part  are  transmitted  through  the  prism  B 
and  the  straight  tube  of  the  microscope,  but  some  suffer  reflection  from 
its  lower  surface,  and  are  received  upon  the  reflecting  surface  E  of  the 
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pern  C  in  an  oblique  direction,  as  shown  by  the  dotted  lines,  and  after 
enie^[iiig  from  the  surface,  enter  the  diagonal  tube  of  the  microscope.  j 

TTie  last  of  the  two  images  is  less  intense  than  the  first,  but  still  it  is  . 

light  enough  to  be  clearly  seen.  The  two  images  thus  formed  are 
oBclly  similar,  and  the  two  pictures  blend  and  appear  to  the  observer  as  ^ 

one,  and  in  relief.  There  is,  however,  no  true  stereoscopic  image,  for  the  one  ' 

picture  seems  to  be  in  every  respect,  save  in  intensity  of  illumination, 
the  counterpart  of  the  other.  I  have  examined  many  objects  by  the 
anangement  of  Messrs.  Powell  and  Lealand,  and  find  that  it  works  exceed- 
ingly well  in  practice,  and  is  less  fatiguing  than  the  monocular  instrument 
It  is  to  be  recommended  to  those  who  work  with  very  high  powers. 

Modifications  of  the  principle  adopted  by  Messrs.  Powell  and 
Ltiiland  in  their  binocular  for  high  powers  have  been  suggested  by  Mr. 
Wenham,  with  the  view  of  utilising  some  of  the  light  lost  in  their  system, 
bat  1  have  not  had  an  opportunity  of  carefully  comparing  the  working  of 
the  new  prisms  with  those  of  Powell  and  Le^nd.  From  Mr.  Wenham's 
description  there  appears  to  be  some  difficulty  in  obtaining  perfectly 
alis&ctory  results.  "  The  two  prisms  need  not  be  pressed  into  contact 
—if  so,  Newton's  rings'  are  formed  ;  they  may  be  set  a  visible  distance  " 

umder,  but  great  care  is  needed  in  adjusting  the  small  prism  so  as  to 
get  both  reflections  combined,  otherwise  a  blurred  image  will  be  seen  in 
the  slanting  body."  Mr.  Wenham,  however,  assures  me  that  the  results 
se  highly  satisfactory  if  the  instrument  is  properly  made  according  to 
ibe  directions  he  has  given. 

Mr.  Tolles,  of  Canastota,  New  York,  adapted  a  binocular  eye-piece 
to  the  ordinary  single  body.     This  gives  a  large  field  well  illuminated, 
and  seems  to  perform  well  with  low  and  medium  magnifying  powers. 
Professor  H.  L.  Smith,  in  a  note  to  Dr.  Maddox,  to  whom  I  am 
indebted  for  the  following  observations,  says  he  has  even  used  it  with 
Ihe  ■^  and  ^  objectives.     It  is  constructed   thus : — An  adjustable 
shallow  achromatic  erector  or  eye-piece  slides  in  a  setting  that  fits  the 
tube  of  the  single-body  microscope.     By  this  an  image  is  formed  at  the 
e^e^tass  end.     This  image  then  passes  through  the  flat  surface  of  an 
eqiubteral  prism  placed  over  the  eye-lens,  and  by  it  is  bisected,  one  half 
bang  refiacted  towards  the  right,  the  other  half  to  the  left.    After  these 
nys  emerge  from  the  prism,  they  pass  into  prisms  of  the  form  used  by 
U.  Nachet  in  his  binocular  microscope  (suggested  for  use  here  by  Pro- 
fessor Smith,  as  the  rectangular  prisms  first  employed  by  Mr.  Tolles  did 
not  give  satisfactory  results),  and  escape  from  their  outer  surfaces  at  the 
angle  of  total  internal  reflection.    The  rays  are  lastly  transmitted  through 
two  deep  eye-pieces  or  oculars  superposed  over  the  two  prisms  last 
described.    See  pL  VI,  fig.  4. 

By  a  small  pinion  the  prisms  are  adjusted  for  the  variable  distance 
Ittween  the  eyes  of  diflerent  observers,  and  Mr.  Ladd  has  much 
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improved  and  simplified  that  adjustment  by  the  use  of  a  circular  disc 
with  two  eccentric  slots,  which  entirely  supersedes  the  rack  and  pinion. 
The  shallow  eye-piece,  or  erector,  is  made  to  slide  in  the  eye-piece  tube 
for  the  purpose  of  varying  the  distance  between  the  eye-lens  and  the 
prism  placed  over  it,  according  to  the  power  of  the  objective  in  use. 

In  this  new  binocular  we  have  a  modification  of  the  plan  fint 
adopted  by  M.  Nachet,  but  which  promises  to  be  more  successful  Mr. 
l^d  has  undertaken  the  manufacture  of  this  form  of  binocular  appa- 
ratus in  England. 

18.  TravcUlnv  HlersMopen. — Mr.  Waringtoyis  Arran^matt. — For 
travelling,  and  especially  for  sea-side  work,  it  will  be  convenient  to  be 
provided  with  a  microscope  which  can  be  packed  in  a  small  compass 
with  the  instruments  and  apparatus  required,  Mr.  Warington,  some 
time  since,  designed  a  very  simple  microscope  for  travelling  purposes. 
The  stand  consists  of  two  flat  pieces  of  oak,  fitted  at  right  angles  to 
each  other  by  means  of  pegs.  The  stage  is  inserted  into  the  longer  one, 
to  the  top  of  which  the  body  of  the  microscope  is  adapted  by  means  of 
a  clamp.  The  horizontal  bar  carrying  the  body  can  be  moved  back- 
wards and  forwards  through  a  tube  arranged  to  receive  it  This  instru- 
ment can  be  placed  in  an  upright  or  inclined  position,  and  by  means  of 
the  clamp  the  body  can  be  attached  to  a  table,  so  that  living  objects  in 
upright  glasses  can  be  subjected  to  examinatioa  Several  improved 
forms  of  microscope  arranged  according  to  the  same  principle  have  been 
suggested. 

Among  the  most  perfect  mstrnments  for  travelling,  is  the  microscope 
made  by  Messrs.  Powell  and  Lealand,  represented  in  plate  VII. 
This  has  all  the  advantages  of  one  of  the  larger  instruments  of  the  same 
makers,  and  is  most  convenient.  It  does  not  get  out  of  order,  and,  as 
will  be  seen  by  reference  to  the  description  below  the  figure,  tliis  micro- 
scope can  be  packed  in  a  very  small  box. 

Travelling,  Dissecting,  and  Aquarium  Microscope. — A  ample  form  of 
travelling  microscope  is  described  by  me  in  the  fourth  volume  of  the 
"Transactions  of  the  Microscopical  Society,"  page  13.  This  instrument 
was  made  entirely  of  tubes.  It  could  be  used  as  a  microscope  for  dis- 
secting, for  looking  at  objects  in  an  aquarium,  and  for  all  ordinary  pur^ 
poses.  Focussing  was  effected  very  rapidly  by  means  of  a  knee  lever, 
which  was  kindly  made  for  me  by  Mr.  Becker,  instead  of  a  screw.  The 
arrangement  was,  however,  somewhat  expensive  to  make,  and  cheaper 
instruments  are  now  prodnced. 

Mr.  Highley  suggested  a  very  cheap  form  of  travelling  microscope 
which  is  also  strong  and  useful.  This  is  described  in  the  "  Microscopical 
Journal,"  vol.  iv,  page  278.  An  ingenious  little  microscope,  which  packs 
in  a  small  leather  case,  has  more  recently  been  introduced  by  Mr.  Baker, 
of  Holbom.    The  body  of  the  last  two  instruments  can  be  readily 
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sdipted  to  the  tube  carrying  the  stage  of  the  microscope  next  to  be 
described  Mr.  King,  naturalist,  of  the  Portland  Road,  has  devised  a 
most  convenient  microscope  for  examining  living  objects  in  aquaria.  It 
is  tied  to  the  glass  of  the  aquarium  by  means  of  a  vulcanized  India- 
rubber  pneumatic  arrangement.  This  instrument  is  made  by  Mr. 
CoNins,  of  157,  Great  Portland  Street  A  very  good  form  of  cheap 
pocket  and  seaside  microscope  is  made  by  Messre.  Murray  and  Heath, 
69,  Jennyn  Street,  London. 

II.  CUalcal,  Pocket,  TrmTcUlnK,  and  Class  Microscope. — Under  this 
head  I  propose  to  describe  an  instrument  devised  by  me  some  years 
since  which  I  have  found  very  useful  for  ordinary  observation,  in  the 
field,  and  at  the  seaside,  and  also  for  medical  work.    It  has  been  em- 
f      ployed  with  great  advantage  for  class  demonstration.     Its  construction 
is  rery  simple,  and  it  can  be  made  for  a  very  small  sum. 

Tlie  Microscope. — Like  some  other  instruments  which  have  from  time 
to  time  been  proposed,  this  microscope  is  composed  of  drawtubes,  like 
a  telescope  ;  but  the  arrangement  of  the  stage,  and  the  plan  adopted  for 
moving  the  slide  when  different  parts  of  the  object  are  submitted  to 
examination,  differ  entirely,  as  far  as  I  am  aware,  from  those  hitherto 
proposed.  The  instrument  consists  of  three  tubes  a,  b,  c,  fig.  i,  pi. 
VIII  j  a  carries  the  eye-piece,  is  four  and  a  half  inches  long,  and  slides 
in  b,  which  is  of  the  same  length,  but  only  slides  up  to  its  centre  in  the 
outer  tube  c.  Tube  b  carries  the  object-glass.  The  tube  c  can  be  fixed 
by  aid  of  a  screw-ring,  d,  at  any  position,  according  to  the  focal  length 
of  the  object-glass.  This  arrangement  prevents  the  object-glass  from 
being  forced  through  the  preparation  by  careless  focussing.  At  the 
lower  part  of  the  body  is  an  aperture  for  throwing  the  light  on  opaque 
objects.  The  preparation  is  kept  in  contact  with  the  fiat  surface  below 
by  a  sprii^,  which  allows  the  requisite  movements  to  be  made  with  the 
hand,  figs.  2,  3.  That  part  of  the  object  which  it  is  desired  to  examine 
can  be  easily  placed  in  position  opposite  the  object-glass  if  the  instru- 
ment is  inverted.  The  proper  focus  is  obtained  by  a  screwing  move- 
ment of  the  tube  b ;  and  if  it  be  desired  to  examine  any  other  parts  of 
the  object,  the  slide  may  be  moved  by  one  hand,  while  the  instrument 
is  firmly  grasped  by  the  other.  Delicate  focussing  is  effected  by  drawing 
the  tube  a  up  and  down.  By  this  movement  the  distance  between  the 
eye-piece  and  object-glass  is  altered. 

Any  object-glass  may  be  used  with  this  instrument  I  have  adapted 
various  powers,  from  a  three-inch,  magnifying  fifteen  diameters,  to  a 
tufe/fth,  magnifying  seven  hundred  diameters,  and  I  feel  sure  that  even 
higher  powers  may  be  used,  if,  as  in  one  of  my  instruments  a  fine- 
threaded  screw  be  adapted  to  the  lower  part  of  the  tube  which  carries 
die  object-glass,  for  careful  focussing. 

In  the  examination  cA  transparetd  objects^  p.  29,  ordinary  daylight  or 
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the  direct  light  of  a  lamp  may  be  used,  or  the  light  may  be  reflected 
from  a  small  mirror  inclined  at  the  proper  angle;  or,  if  low  objectives 
only  are  required,  the  light  maybe  reflected  from  a  sheet  of  white  paper. 
In  examining  objects  by  refltded  light,  p.  26,  sufficient  illumination  ts 
obtained  from  an  ordinary  wax  candle  placed  at  a  short  distance  from 
the  aperture,  just  above  the  object.  But  the  most  beautiful  effects 
result  from  the  use  of  the  Lieberkuhn,  §  30,  with  direct  light  The  best 
paraffine  lamp  for  microscope  work  generally,  is  the  small  lamp  I  have 
described  in  page  25. 

The  slide,  as  has  been  stated,  is  kept  in  contact  with  the  lower  part 
of  the  instrument,  which  I  have  called  the  stage,  by  a  spring  which  is 
therefore  made  to  press  on  the  back  of  the  slide.  On  the  other  side  cA. 
the  stage  a  little  screw  and  clamp  are  placed  so  that  the  specimen  may 
be  fixed  in  any  position  that  may  be  desired,  figs,  i,  3,  7. 

In  using  this  microscope,  the  slide  with  the  object  to  be  examined  is 
placed  upon  the  stage,  the  thin  glass  being  upwards  towards  the  object- 
glass,  while  the  spring  is  made  to  press  upon  the  under  surface  of  the 
slide.  The  little  screw  is  removed.  The  slide  may  be  moved  in  any 
position,  and  any  particular  object  to  be  examined  can  readily  be  placed 
exactly  under  the  object-glass.  Tube  a  is  withdrawn  about  two-thirds  of 
its  length.  The  tube  c  being  held  firmly  with  the  left  hand,  b  is  grasped 
with  the  right,  and  with  a  screwing  motion  the  object-glass  is  brought  to 
its  proper  focus.  The  specimen  having  been  found,  the  slide  may,  if 
desired,  be  firmly  fixed  by  screwing  down  the  little  clamp,  and  the  tube 
retained  in  its  position  and  prevented  from  slipping  by  screwing  down 
the  ring  fitted  on  tube  c.  The  instrument  and  preparation  may  then 
be  passed  round  a  class  without  any  danger  of  derangement.  In  re- 
moving the  slide,  it  must  be  rotated  on  the  stage,  until  it  slips  fouB 
under  the  spring.  In  applying  it  the  slide  is  placed  in  the  same  positutt 
and  rotattjd  until  it  slips  under  the  spring.  If  this  precaution  be 
observed,  slides  may  be  very  quickly  removed,  and  replaced  without  any 
danger  of  damaging  the  thin  glass  and  the  preparation.  This  microscope 
is  well  suited  for  field-work  and  especially  for  botanical  purposes.  It  is 
not  heavy,  and,  including  the  powers  and  an  animalcule  cage,  will  easily 
pack  into  a  tube  or  case  six  and  a  half  inches  long  and  two  inches  in 
diameter.  It  may  be  made  about  one-third  smaller  without  disadvantage 
and  without  requiring  special  objectives.  It  is  very  useful  in  clinical 
teaching.  This  simple  microscope  is  admirably  adapted  for  demonstia^ 
ting  general  specimens  to  classes,  and  may  be  used  in  village  schooUfor 
displaying  vegetable,  animal,  or  mineral  specimens  to  the  children. 

The  Stand. — The  above  tube  microscope  may  be  adapted  to  many 
forms  of  stands.  The  arrangement  I  have  employed  for  class  demon- 
stration will  be  at  once  understood  by  reference  to  figs.  9,  10,  pi.  VIII. 
The  structure  of  the  lamp  is  represented  in  fig.  6,  but  the  chimney  should 
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be  conical,  or  a  small  conical  lamp-glass  placed  over  the  diaphragm  of 
the  cylindrical  chimney,  as  shown  in  the  drawing,  fig.  10,  pi.  VIII.  It  is 
a  simple  paraffine  lamp  with  a  conical  copper  chimney,  and  a  diaphragm, 
just  level  with  the  wick,  in  order  to  cause  a  powerful  current  of  air 
round  the  flame.  By  this  means  all  flickering  is  prevented,  and  the 
instrument  may  be  moved  about  without  fear  of  the  light  being  blown 
out  The  diaphragm  is  made  of  a  plate  of  mica,  and  the  same  sub- 
stance is  placed  over  the  aperture  in  the  chimney,  h.  The  lamp  is  made 
to  slide  in  the  grooves  marked  b,  g,  fig.  g,  pi.  VIII,  and  it  is  fixed  at  a 
proper  distance  from  the  object  by  the  screw  /,  fig.  6.  At  first  I  used 
oil,  but  for  some  time  past  I  have  burnt  paraffine  which  is  much  cheaper 
and  gives  a  far  better  light.  When  required  for  reflected  light,  the  lamp 
is  placed  in  the  groove  marked  g,  fig.  g.  In  the  last  arrangement  the 
lamp,  as  suggested  by  Mr.  Highley,  was  made  to  slide  on  a  horizontal 
bar  which  turns  on  a  pivot,  so  that  the  position  for  reflected  light  is 
easily  secured,  pi.  VIII,  fig.  10.  A  mirror  is  employed  by  day,  and  slides 
in  the  same  groove,  or  upon  the  same  rod,  as  the  lamp.  The  mirror, 
achromatic  condenser,  polariscope,  and  drawing  apparatus  can  all  be 
readily  adapted  to  this  instrument,  and  it  will  be  found  convenient  for 
photi^raphic  purposes.  The  microscope,  without  powers,  can  be  pur- 
chased for  twenty-five  shillings,  and  with  the  stand  it  costs  about  three 
pounds,  but  if  a  number  could  be  made  at  once  the  price  would  be  still 
less. 

By  this  plan  I  have  been  able  to  show  more  than  twelve  prepara- 
tions magnified  from  15  to  500  diameters,  to  a  class  of  upwards  of  a 
hundred  during  an  hour's  lecture.  In  about  two  minutes  the  specimen 
may  be  changed  and  another  placed  in  its  stead.  The  condenser, 
mirror,  diaphragm,  polariscope,  &c.,  may  also  be  made  to  slide  upon  a 
rod  fixed  to  the  lower  part  of  the  stage  as  shown  in  fig.  ro,  pi.  VIII.  I 
have  had  an  arrangement,  already  referred  to,  adapted  to  this  micro- 
scope, which  enables  me  to  use  it  for  demonstrating  structures  with  high 
powers.  In  the  instruments  used  at  my  lectures  given  at  the  College  of 
Phy^cians  in  1861,  I  was  able  to  use  successfully  all  powers  up  to  the 
twelfth  of  an  inch  objective  (700  diameters)  and  I  feel  quite  satisfied 
that  the  plan  will  succeed  equally  with  the  highest.  An  instrument  has 
been  made  to  take  the  -^j. 

The  hand  microscopes  can  also  be  readily  arranged  in  a  box  fitted 
to  OHitain  several  in  a  line,  pi.  IX,  figs.  3,  4,  or  in  a  six  or  eight-sided 
fiame,  figs,  i,  2,  in  the  centre  of  which  the  light,  to  illuminate  all  the 
objects  at  once,  may  be  placed.  One  advantage  of  these  arrangements 
for  demonstrating  to  a  class  is  that  while  every  one  can  alter  the  focus  to 
suit  his  vision,  the  microscopical  preparation  and  light  are  quite  out  of 
reach,  so  that  they  cannot  be  disarranged. 

The  hand  microscope  has  been  recently  modified  and  improved 
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upon  liy  irifiny  difTerent  makers.  A  veiy  convenieni  form  has  been  intro- 
cliiccd  by  Mr.  Biker  and  Mr.  Moginie,  and  another  by  >!r.  Hawksley. 
Still  more  recently,  a  new  form,  arranged  by  Mr.  Swift,  is  used  as  a 
clinical  and  seasiile  microscope.  With  a  low  power  only  this  instru- 
ment may  be  obuined  for  about  thirty  shillings. 

Dr.  Guy's  Arrangftnent. — My  colleague.  Dr.  Guy.  dcviseil  an  inge- 
nious! form  of  hand  mirroscofw,  whirli  was  brought  out  by  Mr.  How,  of 
Foster  I^ane,  and  is  known  as  the  "Illuminator  Hand  Microscope." 
This  is  well  adapted  for  exanrnation  with  low  powers,  and  for  showing 
popular  object>i  in  scrhools  ami  to  claH^es,  but  it  is  not  adapted  for 
the  real  work,  of  the  medical  practitioner  or  student  of  phj-siology.  My 
friend,  in  praising  the  merits  of  the  class  microscope  he  has  constructed, 
h.-1-s,  I  thinlt,  been  unduly  hard  upon  the  complexities  of  other  instni- 
ments,  while  he  has  scarcely  given  due  weigtit  to  the  fact  that  any  micro- 
scope, to  be  of  real  service  to  the  student  and  practitioner,  ought  to  work 
well  with  a  magnifying  power  of  at  least  300  diameters.  In  his  pa|)er  he 
docs  not  e%'en  mention  ihe  highest  amplifying  power  that  can  be  adapted 
to  the  hand  microscope  he  describes.  ("Journal  of  the  Quekett  Club," 
Ko.  30,  October,  1872.  page  65.) 

10.  amiiiiein  Pork«  NiprtMtrope. — The  simple  tube  microscopes 
have  been  mndificd  in  many  ways  by  various  makers,  and  some  have 
been  made  so  small  that  they  may  be  carried  in  the  waistcoat-pocket. 
An  instrument  of  this  kind  was  made  some  year?  ago  by  Mr.  Highley.  It 
was  four  inches  long  and  only  threc-einarters  nf  an  inch  in  diameter,  and 
was  sold  for  a  guinea.  Kot  being  provided  wiiSi  the  stage  and  spring, 
only  one  spot  in  the  field  could  be  brought  under  the  object-glass,  but 
it  was  intended  for  low  magnifying  imwers  only,  which  give  a  targe  field, 
]il.  IX.  fig.  7.  A  microscope  upon  the  same  plan  had  been  made  many 
years  previously  by  Messrs.  Powell  and  Txaland. 

Professor  Urown,  of  the  Veterinar)-  nep-'irtmcnt  of  the  Pri*'y  Council, 
has  lately  introduced  a  very  valuable  modification  of  the  clinical  pocket 
micTOiscope  which  occupies  &r  less  space  than  the  one  above  described. 
This  Inrautiful  little  inslrtiment  can  be  used  fur  examining  objects  under 
the  highest  powers,  and  can  be  carried  in  the  waistcoat-pocket.  It  is  figured 
in  pL  X,  figs,  t,  3, 3,  of  the  actual  siie.  It  is  four  inches  long  by  one  iitch 
in  diameter  in  its  widest  part.  The  general  arrangement  of  the  instru- 
ment will  K"  understood  by  the  figures,  but  it  has  been  fully  described 
by  Professor  Bro«-n  in  the  "  Veterinarian  "  for  November,  1870,  and  it 
Is  made  by  Mr.  Swift.  University  Strcel.  Tottenham  Court  Road.  The 
instrument,  with  a  quarter,  costs  about  three  guineas.  I  believe  this 
micnMcope  will  lie  of  grc.it  use  to  naiuralists,  to  members  of  the  medical 
profession,  and  to  all  who  desire  to  have  a  very  portable  microscope, 
adapted  for  eiamim'ng  objects  with  high  powers.  A  very  little  practice 
will  enable  any  one  to  use  it  wilhuut  difliculiy.   Professor  Bronn  employs 


DISSECTING   MICROSCOPES.  21 

it  in  veterinary  work.  (Ic  can  use  it  in  the  open  air,  and  can  examine 
secretions  of  the  blood  of  animals  in  the  sheds  in  which  they  slaod,  and 
under  powcni  nugnifying  nne  thousand  diameters. 

The  eye-pieces  and  objectives  o(  thiii  instrument  have  their  nbenu 
accurately  corructed  to  the  short  length  uf  tlie  boily.  PL  X,  fig.  3, 
Xs  the  inbtrumcnt  when  tu  use  The  slide  is  held  in  its  position 
by  a  spring  box,  niaikcti  o,  and  can  be  Dreely  moved  about  when  undei 
examination.  The  coarw  adjustment  is  obtained  by  sliding  the  tube  l 
in  it*  fitting,  to  which  the  objttl-ylass  is  attached  ;  llie  fint  adjuslmeni 
a  effected  by  moving  the  tube  e,  which  enables  the  object  to  be  accu- 
tatdy  focusscd  with  the  greatest  case 

Eye-pieccs  of  different  power,  condensers,  polarising  apparatus,  and 
trther  appliances  can  be  added  to  the  instrument  witliuut  difficulty,  if 
nquircd.  llie  gUss  slitlcs,  Uiin  glass  uoveis,  pipettes,  needles,  &c.,  can 
be  picked  in  the  same  little  ca&e  with  the  microscope.  The  inAtrument 
Mi.  Swift  made  for  me  is  packed,  mth  its  stand,  in  a  small  strung  box, 
•bich  measures  in  inches  3{x  tjx  i^,  and  i&  provided  with  an  inch,  a 
quutcr,  and  a  one-sixteenth  of  an  inch  objective,  with  slides  and  thin 

XL  piMeciinK  iiicro»c«i>c«  OTC  Tcry  useful  in  many  microscopical 
nqoirics  and  have  l>cun  long  in  use.  Quekett's  original  dissecting 
nictoscope  is  seen  in  fi^^  l,  2,  3,  pi.  XI.  Figs.  2,  3,  show  the  internal 
anxngement  and  the  manner  in  which  the  mirror,  lenses,  and  lens-holders 
ait  packed  away.  The  instrument  is  furnished  with  three  leiucs,  and 
a  to  1)C  purcliased  at  a  moderate  iiricc. 

Lmeyon'i  Diiittlin^  Bimuular  Micrtneopf,  as  made  by  Collins, 
pL  X],  fig.  4,  though  only  constructed  for  slight  magnifying  power,  is 
exceedingly  compact,  and  enables  the  obsen-cr  to  use  both  eyes.  It  is 
huniihcd  with  t»o  sets  of  slcrcoscopir  lenticular  prisms,  dissecting  in- 
stnin)cnt<i,  &c.  It  costs  two  gumcas.  This  instrument  has  been  further 
wodified  and  improved.  An  excellent  form  is  made  by  Mr.  Swift,  and 
il  figured  in  plate  XII,  (ig.  1. 

Compound  Diiseding  Microscope. — An  excellent  compound  micro- 
KopT,  uf  low  jKiwcr,  was  arranged  tor  dissecting  purposes,  by  Messrs. 
Powell  and  Lealand.  The  body  was  attached  to  an  arm,  which  could 
be  moved  up  and  down  b}*  a  rack  and  pinion.  The  instrument  was 
kept  ready  for  use  in  a  case.  Modifications  have  been  suggested  by 
9tben.  A  cheap  useful  lustrumcni  for  dissection^  for  rough  examina- 
tion, or  for  examining  living  objects  in  an  ai^uarium,  has  beea  made  1^ 
Mr.  Swift.    'I'his  is  represented  in  fig.  4,  pL  XII. 

Apparatu%  for  Stiulent/  Afi^resiope. 
33.  ApimnuttB  aec«BBU7  for  iiic  stuacni. — Every  student's  micro- 
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scope  should  be  provided  with  a,  nmtrat  iinf  glass  n^ecior  far  dratptni 
and  measuring  ffb;tcts,  a  diaphragm,  to  the  under  jiort  of  ivhich  U  fittc 
a  tube  to  receive  an  oihromatU  cvndmier  or  pt>!aming  apparatta^ 
bultf  eye  condenser,  one  shaiitnif  tyt-pieec,  and  Iwo  powers — a  hw 
majptifying  from  20  lo  40  diameters,  and  a  quarter,  or  a  Jour-tenths  itft 
ituh  xt'/iiih  magnifiet  rSo  diameten,  a  stage  mierfftntter  (§  60),  a  jMi 
lffO0^$^nder  an  the  plan  adopted  by  Mr.  Baker  (§  6S),  and  an  anin 

«^  (§  '34)- 

These  accessory  instruments  should  be  conTCniently  packed  in 
case  with  the  microscope.    The  polarizing  appnratus  and  the 
nuLtic  condenser  arc  nut  absolutely  necessary  for  a  beginner,  and  can 
purchased  afterwards.    The  cost  of  the  microscope  without  these 
but  including  the  other  pieces  of  apparatus  mentioned,  in  a  Trclt-mi 
case,  need  not  be  more  than  six  [wiinds ;  and  if  the  microscope 
mounted  on  a  cast-iron  foot  bstead  of  a  brass  one,  it  may  be  obtsil 
for  about  a  pound  less,  n-ithout  its  practical  utility  being  in  an/ 
impaired. 

The  great  number  of  different  microscopes  and  the  excellent  wt 
rnanship  employed  in  their  construction  render  it  a  difficult  as  well; 
a  delicate  ixsk  for  a  teacher  to  recommend  any  special  one  to 
pupils.     Many  of  the  instruments  which  1  have  used,  and  which  i  have' 
recommended,  are  exceedingly  good,  but  I  have  no  doubt  ihal  there  are 
others,  which  I  have  never  had  the  opportunity  uf  testing,  which  ore  as 
good  in  every  respect.     The  names  and  addresses  of  the  principal 
F.nglish  and  foreign  microscope  makers  will  be  found  at  the  end 
this  volume. 

ON   ILLUMINATING   OBJEXT?. 

19.   lieflecUd   l.l«lit.  Transmuted   I.Ib«i,  «n«   rslarlMd   LIcfeL- 

ihe  inieiiiaJ  atrutiurt  as  well  o^  Uic  external  surface  uf  the  same  objl 
be  studied  in  the  microscope,  the  observer  will  form  ao  idea  of 
nature  vcr)-  ditfcrcnt  from  that  which  he  would  have  arrtvett  at  if 
had  regarded  the  characters  asceruincd  by  one  mode  of  examinatif 
only.  By  employing  polarised  light  peculiarities  in  the  structure  or 
object  may  sometimes  be  discovered,  of  which  no  indication  is  alTot 
when  it  is  examined  by  ordiruiry  lighL 

The  student's  attention  mustj  therefore,  be  directed  lo   the 
following  meUiods  of  throwing  the  tight  upon  and  through  objects  to 
submitted  to  microscopical  examination.     'ITic  directions  for  arra 
the  microscope  for  observation  arc  given  on  pp.  ag,  81,  to  which 
student  is  referred  for  further  information. 

I.  Refifcltd  iight — In  the  examination  of  an  object  by  rcfl< 
|%ht,  ordinary  dithised  daylight  may  be  allowed  to  £iU  upon  it,  or  ligUr 
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maybe  received  upon  a  metallic  reflector,  or  be  refracted  through  a 
prism  placed  at  the  propier  angle  and  thus  made  to  impinge  upon  the 
sui^e  of  the  object     The  intensity  of  the  illumination  may  be  much 
inaeased  by  employing  a  concave  mirror  or  a  bull's-eye  condenser, 
I  37.    By  the  examination  of  objects  by  reeded  light  we  gain  informa- 
tion concerning  the  peculiarities  of  the  surface  only,  just  as  in  looking 
at  objects  under  ordinary  circumstances.     The  surface  of  any  object, 
be  it  transparent  or  opaque,  may  be  examined  by  reflected  light,  §§  30, 

I.  Transmitt^  light  parses  through  the  object  under  examination, 
wWch  must,  therefore,  be  transparent  or  capable  of  being  rendered  so 
by  some  special  method  of  preparation,  §  140.  By  this  method  of 
eumination  any  peculiarities  of  internal  structure  are  rendered  evident. 
Traoanitted  light  may  be  made  to  pass  from  the  source  of  illumination 
diiat  through  the  object,  or  the  rays  of  light  may  first  be  received  by 
1  mirror  or  prism  and  then  reflected  or  transmitted  in  a  straight  or 
ofalique  direction  through  the  preparation.  The  position  of  the  micro- 
scope will  be  seen  if  plates  III,  JV,  VII,  and  XIII,  be  referred  to. 

0%«^  illumination  is  of  great  assistance  in  some  forms  of  enquiry. 
Uany  delicate  lines,  in  highly  transparent  structures,  although  invisible 
then  the  specimen  is  examined  by  ordinary  transmitted  light,  are 
dttriy  discerned  when  a  ray  of  light  is  made  to  traverse  the  specimen 
obiiqaely.  In  order  to  obtain  this  result  the  mirror  is  moved  to  the 
tide  of  the  stage  so  as  to  throw  the  light  obliquely  on  the  under  surface 
of  the  object  The  diaphragm  is  often  provided  with  eccentric  openings 
ud  slits,  varying  in  form  and  position,  so  that  pencils  of  light,  of 
difibent  shapes  and  degrees  of  obliquity,  may  be  readily  obtained. 

3.  Pdaris^  light. — The  light  is  polarised  for  the  examination  of 
microscopical  objects  by  being  made  to  traverse  certain  crystalline  sub- 
KaiKXS  which  are  known  to  have  the  property,  before  it  is  transmitted 
timngh  the  object.  A  crystal  of  that  form  of  carbonate  of  lime,  known 
as  Icdand  or  rhomboidal  spar,  tourmaline,  or  iodo-quinine,  is  the  most 
idrmtageous  for  this  purpose.  The  first  is  generally  used  under  the 
BUK  of  Nicol's  prism,  which  is  made  by  dividing  a  crystal  of  Iceland 
ipu  obliquely,  and  then  carefully  cementing  the  two  portions  together 
with  Canada  balsam.  By  this  method  one  of  the  two  images  produced 
by  fliis  double  refracting  crystal  is  refracted  out  of  the  field  of  vision 
while  the  polarising  property  is  not  in  any  way  affected.  Dr.  Herapath 
pve  mc  two  large  and  beautiful  crystals  of  the  iodo-quinine  or  hera- 
patlute  which  he  discovered  some  years  ago,  and  prepared  for  examining 
Ejects  in  the  microscope  by  polarised  light  The  crystals  are  mounted 
between  two  pieces  of  thin  glass  and  work  very  satisfactorily.  One  of 
,  the  oystals  above  referred  to  is  fitted  beneath  the  stage  of  the  micro- 
j       icope.   This  is  called  the  polariser.     Another  termed  the  analyser  is 
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ioserted  in  the  tube  of  the  microscope  or  is  placed  above  the  eye-piece, 
pi  XVII,  p.  34,  figs.    1  and  2.     Either  the  anaiyser  ox  the  ptiar 
should  be  so  arranged  that  it  may  be  made  to  rotate 

By  poldtised  light  the  internal  structure  of  various  transpai 
objecLs  can  be  rendered  evident  in  a  very  beautiful  manner,  but 
ordinary  microscopiril  work,  upon  the  tisanes  of  vegetables  and  anit 
this  method  of  observation  is  seldom  required.  The  advantage 
polarized  light  in  general  microscopical  cntiuirics  has  perhaps  been 
rated,  though  the  appearances  produced  are  interesting,  and  many 
them  very  beautiful.  In  examining  objects  by  polarised  light  wondei 
effects  may  be  obtained  by  interposing  between  the  polariscr  and 
object  thin  plates  of  certain  crystalline  substances,  which  should  be  so 
arranged  as  to  be  capable  of  revolving.  The  play  of  colours  which  may 
be  produced  in  this  way,  by  the  aid  of  selenite,  is  in  the  case  of  many 
objects  very  beautiful.  Plates  of  different  degrees  of  thickness,  each 
giving  a  different  colour,  may  be  obtained  of  llie  opticians.  Mr.  Swift 
has  arranged  such  plates  in  his  condeoser,  and  in  slides  of  a  convenient 
form,  pi.  XVI,  p.  38,  fig.  5. 


Sources  of  Illumination. 

Ordinary  daylight  or  sunlight  reflected  from  a  white  cloud  affords 
the  best  illuminarion,  but  the  light  of  gas,  of  a  candle,  or  good  lamp 
answers  exceedingly  well  for  every  department  of  micro5ropiral  en- 
quiiy,  if  certain  precautions  be  taken.  Daylight  is  usually  reflected 
from  the  mirror.  In  (he  examination  of  tran.<<)mrent  object:!  the  micro- 
scope is  arranged  as  in  pi.  XIH,  fig.  i,  and  the  light  is  usually  re6ecied 
by  the  mirror.  Sunlight  is  only  employed  under  very  special  cirnira- 
stonces,  as  for  examining  objects  by  coloured  media,  when  an  intense 
light  is  required,  or  for  the  purpose  of  talcing  photographs  of  microscopic 
objects.     See  Part  V  on  Photography. 

It  has  been  saJd  with  truth  that  microscopical  work  ^ould  be 
trodcrtiken  only  by  day,  since  the  most  perfect  artificial  light  which  can 
be  obtained  is  far  inferior  to  daylight  for  delicate  observation,  while  it 
uiains  the  eyes  very  much  more.  But  unfonunalcly  it  happens  that  in 
this  country,  and  especially  in  the  lower  parts  of  houses  in  our  large 
cities,  during  a  great  jian  of  the  year,  the  only  daylight  obtainable  is 
not  very  suitable  for  microsco[)ical  investigation.  However,  many  of  us, 
in  consequence  of  being  occupied  in  duties  of  perhaps  a  very  different 
kind  by  day,  are  compelled  to  work  principally  or  entirely  hy  night. 
It  is  therefore  a  matter  of  the  greatest  importance  that  we  should  be 
provided  with  satisfactory  artificial  illumination. 

From  time  to  time  various  special  lamps  for  microscope  work  have 

n  introduced.     The  small  camphine  lamp,  brought  out  many  years 
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ago  by  Messrs.  Smith  and  Beck,  and  since  modified  for  paraffine,  which 
is  represented  in  pi.  XIV,  fig.  i,  will  be  found  to  give  a  white  light,  and 
it  possesses  the  advantage  of  producing  very  little  heat 

S4.  ou  LuBM. — Of  oil  lamps,  there  are   several  which   serve  for 

nucroscopical  examination.     The  German  Argand  lamp,  lately  imported 

into  this  country  by  Mr.  Pillischer,  is  a  good  microscope  lamp,  and  so 

also  is  the  ordinary  French  moderator,  especially  if  provided  with  a  blue 

or  neutrai   tint  glass   chimney,  and  a  shade.     But  these  lamps,  and 

indeed  gas  itself,  yield  to  paraffine   and  belmontine,  which  give  an 

exceedingly  steady  and  white  light,  with  very  little  heat. 

W.  ranUBnc  Umvi. — For  .some  years  past  I  have  been  in  the 
habit  of  using  one  of  the  common  little  paraffine  lamps,  termed  night 
lamps,  with  a  smalt  round  wick,  which  may  be  bought  for  i.r.  dd., 
pi.  XIV,  fig.  2,  This  gives  a  very  white  light,  and  is  most  convenient, 
IS  well  as  economical.  A  pale  blue  glass  chimney  improves  the  quality 
of  the  light,  and  a  shade  protects  the  eyes  from  the  general  glare.  I  use 
this  lamp  with  the  fiftieth,  and  find  that  it  works  admirably.  Such 
bniB  may  be  made  to  occupy  very  little  space  if  constructed  of  brass 
tnbe,  aid  I  have  had  chimneys  of  sheet  copper  made  for  them,  with  an 
jpertare  three-quarters  of  an  inch  in  diameter,  over  which  a  piece  of 
mici  is  fixed  with  a  screw  collar.  By  whitening,  with  a  paste  of  chalk 
ct  piaster  of  Paris,  the  chimney  behind  the  wick,  the  light  is  improved. 
I  hiTt  now  for  years  used  one  of  these  small  round-wicked  paraifine 
hmps  without  any  mirror  for  illuminating  objects  magnified  with  very 
lu^ powers.  The  arrangement  is  shown  in  pi.  XII,  fig.  3.  A  lamp  of 
Ae  same  kind  was  adapted  to  a  self- illuminating  ophthalmoscope  I 
devised  some  years  ago,  and  which  is  made  by  Mr,  Hawksley,  300, 
Oifotd  Street. 

Ur.  Collins  sells  an  excellent  paraflline  lamp,  under  the  name  of  the 
"  Bockett  lamp,"  which  is  provided  with  an  adjustable  silvered  reflector, 
iboll's^ye  condenser,  and  a  blue  glass  chimney.  One  of  these  has  been 
bted  up  with  a  round  wick,  like  the  little  lamp  above  referred  to,  fig.  3, 

iixiv. 

Mr.  Swift  has  recently  perfected  some  excellent  microscope  lamps, 
%  %  pl-  XIV.  One  is  a  modification  of  the  small  round-wicked  lamp 
ibid)  I  use  for  the  demonstrating  microscope  (page  19),  and  is  supported 
npra  a  telescope  foot,  so  that  it  can  be  arranged  at  any  required  height. 

SI.  Gu  Laays. — For  those  who  prefer  gas  I  can  recommend  the 
Aiga&d  gas  lamp  of  Mr.  Highley,  which  is  provided  with  a  flat  brass  plate 
indawaier  bath,  instruments  of  great  use  in  microscopical  investigation, 
I^  XIV,  fig.  4,  The  light  is  made  to  pass  through  an  opening  in  a 
ooTeable  diaphragm,  so  that  the  eyes  are  quite  protected  from  the 
i^wA  light.  A  very  pleasant  light  is  produced,  as  in  other  lamps,  by 
"laing  the  rays  to  be  transmitted  through  a  blue  chimney  glass  and  a 
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flat  piece  of  neutral  tint  glass.    A  bull's-eye  is  also  adapted.    Tlie 
objection  to  this  lamp  is  its  great  heating  power. 

Whatever  method  of  illumination  be  adopted  the  eye  not  obiovfeqg 
should  always  be  kept  open,  but  protected  from  the  direct  glare  of  tte 
microscope  lamp.  For  this  purpose  Mr.  Brooke  long  ago  sugguttda 
shade  made  of  black  paper,  which  was  fitted  to  the  body  of  the  takM" 
scope,  at  a  convenient  distance  below  the  eye-piece. 

0/  Imtrumtntsfor  examining  the  Surface  of  Objtcts  by  Refie^d  I^kit 

Ordinary  diffused  daylight  or  lamplight  may  be  used,  but  is  DOt  4f 
sufficient  intensity  to  give  very  satisfactory  results.  Unless  ninli^tt  cr 
some  other  very  powerful  light  is  employed,  it  is  necessary  to  concen- 
trate the  rays  upon  the  surface  of  the  object  placed  in  the  focus  of  tlie 
object-glass  by  the  aid  ot  one  of  the  following  instruments. 

S3.  BnU's-Ere  Condeiuer. — This  instrument  is  provided  with  all 
microscopes,  and  needs  no  description.  Diiferent  modes  of  mounting 
the  plano-convex  lens  are  represented  in  figs.  2  and  4,  pL  XVI,  and  the 
position  of  the  microscope,  condenser,  and  light  in  figs,  a,  4,  pL  XVI, 
p.  28. 

Any  ordinary  bi-convex  lens  may  be  used  as  a  condenser.  It  majbc 
mounted  in  a  gutta-percha  rim  and  attached  to  a  piece  of  cofqwr  oc 
lead  wire.  In  examining  many  objects  with  an  ordinary  lens,  great 
advantage  is  gained  by  condensing  the  light  of  the  sun  or  of  a  lanq> 
upon  the  precise  point  of  the  surface  which  it  is  desired  to  study.  By 
condensing  the  light  of  a  lamp  by  two  plano-convex  lenses  mounted  in 
a  tube,  as  shown  in  fig.  6,  pi.  XIV,  a  very  satisfactory  pencil  of  bright 
light  may  be  obtained. 

X8.  Hetauic  ReBector. — A  concave  metallic  reflector  may  also  be 
used  to  bring  the  rays  of  light  from  a  lamp  to  a  focus  on  the  object. 
This  instrument  is  fitted  to  the  side  of  the  microscope.  I  do  not,  how- 
ever, think  it  possesses  any  advantages  over  the  bull's-eye  condenser. 

S».  Beek'a  ParaboUc  Reflector,  pi  XII,  fig.  2,  p.  20. — ^This  initni- 
ment  is  made  to  fit  on  and  rotate  round  the  object-glass;  it  ansven 
admirably  for  condensing  the  light  on  the  surface  of  objects,  and  by 
throwing  the  rays  in  any  particular  direction  across  the  sur&ce  enables 
the  observer,  by  the  assistance  also  of  the  shadows,  to  determine  the 
nature  of  irregularities  upon  some  objects  in  a  very  satisfactory  manner. 

By  the  adaptation  of  a  little  reflector,  arranged  as  represented  in 
fig.  2,  pi.  XII,  Mr.  Sorby  gained  some  great  advantages  in  the  examina- 
tion of  the  fractured  surfaces  of  iron  and  steel  See  "  MicnscofHCal 
Journal,"  Oct.  1865,  p.  117. 

3*.  Lleberfcubn. — The  rays  of  the  light  reflected  from  the  mirror 
and  passing  round  the  circumference  of  the  object  placed  in  the  field, 
impinge  upon  a  concave  anmtlar  reflector  or  Licberkuha  adapted  to  thes 
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objKt-^ass,  frooi  which   the  rays  are  reflected  dovnwarils,  and  are 
bmi^t  to  a  focus  upon  the  surface  of  the  object  itself,  pi.  XV,  fig.  t. 

If  a  transparent  object  is  to  be  examined  by  a  reeded  light ^  a  piece 

of  ddl,  not  gbzed,  block  paper,  rather  Urger  than  the  aperture  of  the 

(>&jtrct-gUs«.  should  be  placed  behind  it  to  prevent  ihc  passage  of  light 

ihnwgh  it,  or  one  of  the  stops,  fig.  i,  ^,  supplied  vrith  some  instruments    . 

nn]*  be  inserted  in  its  place  beneath  the  stage.    The  stops,  however, 

ire  not  generally  furnished  with  students*  microscopes. 

SI.  ArrMiBt'Mrat*  for  rxunUilii*  Opmbc  Utuceta  witli  verr  Ucli 
Fvwvn. — Prof.  H.  Lawrence  Smith,  of  Kenyon  College,  Gambia, 
Ohio,  U.  S.,  has  introduced  a  plan  by  which  the  object-glass  is  made 
its  own  illuminator,  llic  rays  of  light  admitted  at  the  side  of  the 
lower  port  of  the  tube  of  the  body  are  received  upon  a  small  silvered 
nirrar,  set  at  the  proper  angle  and  having  a  smill  opening  in  the  centre, 
lod  by  it  thrown  down  through  the  objective  to  the  object,  and  return 
titmu^  the  same  object-glass  and  aperture  in  the  centre  of  the  mirror 
to  die  eye-piece. 

Mcun.  Powell  and  Lealand  substituted  for  the  silver  minor  a  piece 
of  thin  plate  glass  d'fth  of  an  inch  thick)  placed  at  an  angle  of  45  degs. 
la  this  mxy  loss  of  light  was  avoided,  as  the  tnagnificd  image  was  seen 
ihm^  the  glass^  The  late  Mr.  R.  Beck,  about  the  same  time,  adopted 
a  anilar  jJan,  using  a  circular  piece  of  ordinary  thin  covering  glass, 
vlrich  was  arranged  so  iKii  tlw  angle  of  inclination  could  be  altered  if 
teqoiied  1  learn  from  Dr.  Maddox  that  Prof.  Smith  still  gives  the 
jNcfienence  to  his  own  arrangement.  Mr.  Dancer  has  proposed  another 
■odificatioQ  of  the  above  plan.  A  little  speculum,  only  one-sixth  of  an 
nth  in  diameter,  is  introduced  through  a  lateral  aperture  two  inches 
nd  a  half  above  the  top  of  the  object-glass,  and  placed  at  a  pTO[wr 
*B^  to  reflect  the  rays  downwards  ("  Popular  Science  Review,"  April, 
iib6,  p.  X49). 

These  new  methods  of  illumination,  which  arc  improvements  upon 
derised  five  years  since  by  Mr.  Hewitt,  but  on  the  same  principle, 
iR  nlo-ible  for  observations  upon  the  diatomacex.  For  3  full  des<:ri|>- 
bOQ  the  reader  is  refetreil  to  ProC  Smith*^  paper  in  "  Sillinuui's  Journal  " 
(>r  September,  i»05  j  Mr.  R.  Beck's  paper  in  the  "  Microscopical  Jour- 
■•I"  for  April,  1866;  and  the  remarks  made  by  Mr.  Wcnham,  Mr. 
Sbck,  Ml.  Lobb,  and  others,  in  the  same  number. 

as.  I>«rk-Br*an4  lUumlBatlsn.— 1  n  this  place  I  milSt  allude  briefly 

lai  mode  of  illumination  which  has  been  niuiJi  in  repute  of  late  years, 

lod  which  is  very  advantageous  for  demonstrating  some  structures.     I 

nftr  to  dart-ground  iUumiHaUoH,  in  which  the  object  appears  to  the 

r  in  reliLif  upon  a  black  ground.     In  this  mcKic  of  illuminsliun, 

.    -  pankuturly  applicable  to  investigations  upon  some  very  minute 

(ngaohitis,  such  as  the  diatomacex,  the  direct  light  rays  are  preveatcd 
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from  penetrating  the  specimen,  and  passing  through  the  object^lass, 
but  the  preparation  is  highly  illuminated  upon  all  sides  by  lig^t  made 
to  impinge  upon  any  point  of  circumference  in  a  very  oblique  direction. 
Thus  the  object  is  thoroughly  illuminated  upon  every  part  of  its  surface, 
but  the  ground  on  which  it  lies  appears  perfectly  dark. 

There  are  several  methods  by  which  the  result  above  referred  to 
may  be  obtained.     One  very  simple  little  instrument  is  tenned  a  spot- 
glass,  and  consists  of  a  plano-convex  lens,  the  convexity  being  so  great 
that  rays  passing  through  it  converge  with  a  great  degree  of  obtiquhy, 
and  are  brought  to  a  focus  at  a  short  distance  above  the  flat  surface  o(:V 
the  lens,  in  the  centre  of  which  is  placed  a  small  circulai  piece  of  biad|^ 
paper  in  order  that  the  passage  of  direct  rays  of  light  may  be  prevente&ljl 
The  lens  is  fixed  in  a  brass  tube  made  to  slide  up  and  down,  so  thati^^ 
may  be  adjusted  at  the  proper  distance  below  the  object    The  spo^'  ' 
glass  may  be  purchased  of  the  instrument  makers  for  about  yj.  6rf. 

33.  Par&boiDid  lunminatlon. —  TTu  parabolic  reflector  or  Mr.  Wen- 
ham's,  Mr.  Shadbolt's  annular  condenser,  and  the  parabolic  illuminator  of 
Messrs.  Smith  and  Beck  are  beautiful  instruments  for  producing  dark 
ground  illumination  in  a  very  efficient  manner,  pL  XV,  fig,  3. 

Another  excellent  plan,  upon  a  somewhat  different  principle,  has 
lately  been  devised  by  Mr,  Wenham,  the  simplicity  of  which  recom- 
mends it  strongly  to  our  attention.  A  small  triangular  prism  is  placed 
beneath  the  object,  so  that  one  of  its  plane  surfaces  is  in  contact  with 
the  under  surface  of  the  slide  carrying  the  obj.ect.  The  light  is  refracted 
so  highly  that  none  passes  directly  through  the  object,  but,  being  thrown 
at  the  proper  angle  upon  the  under  surface  of  the  thin  glass  which 
covers  it,  is  entirely  reflected  from  thence  upon  the  object  itself,  which 
is  thus  highly  illuminated.  Professor  Abb^  has  recently  devised  an 
immersion  illuminator  with  a  balsam  angle  of  138°, 

T?te  Immersion  Paraboloid  Illuminator,   designed   by   Dr.    James 
Edmunds,  is  described  in  the  "Monthly  Microscopical  Journal"  Ux 
August,  1877,  and  in  the  "Quekett  Society's  Journal"  for  May,  1878. 
This  paraboloid  is  constructed  by  Messrs.  Powell  and  Lealand,  at  about 
the  same  cost  as  the  Wenham  paraboloid,  and  it  is  mounted  and  used 
in  the  same  way,  fig.  3,  pi.  XVI.     Its  top  is,  however,  plane,  and  has  to-« 
be  made  optically  continuous  with  the  under  surface  of  the  slide  by  meanr-^ 
of  a  drop  of  pure  glyceritie  or  other  medium  of  high  refractive  index.     Th«— 
paraboloid  is  made  of  hard  white  crown  glass,  and  the  area  of  the  planer 
top  is  stopped  out  beneath  the  base,  so  that  no  light  passes  direcd>» 
through.    Its  formula  is  such  that  all  the  parallel  rays  of  light  entering  th^= 
base  are  made  to  converge,  by  total  internal  reflection,  upon  the  objec-  - 
placed  on  the  slide,  and  the  plane  top  is  at  such  point  below  the  focu.  = 
of  the  object-glass  as  to  allow  exactly  for  the  thickness  of  the  slide 
connecting  film  of  glycerine.    With  the  usual  sub-stage  movements,  th- 
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focussing  or  centrmg  of  this  paraboloid  can  be  varied  as  readily  as  that 

of  the  objective.    All  the  light,  except  that  entering  the  object,  is 

thrown  back  from  the  upper  surface  of  the  slide,  so  that,  with  immersion 

lenses  of  the  largest  aperture,  the  object  is  seen  upon  a  black  field.     An 

object  may  easily  be  lighted  up  so  intensely  as  to  appear  incandescent, 

and  a  luminous  image  of  structural  details,  difficult  to  demonstrate  by 

ordinary  illumination,  is  shown  upon  a  soft  black  background.    The 

markings  upon  the  Podura-scale  are  resolved  into  distinct  featherlets, 

irtiich  seem  to  project  from  a  hyaline-beaded  membrane  and  the  lines 

of  Amphipleura  Pellucida,  which  with  their  interspaces  number  200,000 

to  the  inch,  are  displayed  as  green  and  black  bands.   Saliva,  blood,  &c., 

under  a  good  dry  quarter-inch,  appear  almost  as  new  objects  when  thus 

illnminated,  but  nothing  in  the  field  is  visible  except  the  objects  which 

are  in  optical  contact  with  the  slide,  and  thin  films  only  should  be 

worked  upon. 

Of  Instruments  for  examining  the  Internal  Structure  of  Objects. 

>4.Trui>aUtted  Llsht. — The  microscope  in  plXIII,  fig.  r,  is  arranged 
in  the  ordinary  position  for  examining  transparent  objects.     The  light 
may  be  received  upon  the  plane  or  concave  mirror,  according  as  a 
moderate  or  brilliant  light  is  required  ;  but,  as  a  general  rule,  the  inten- 
sity of  light  should  not  be  greater  than  necessary  to  make  out  distinctly 
the  stnicture  of  the  object.     The  converging  rays  from  the  concave 
minor  may  be  rendered  parallel  by  being  passed  through  a  plano-convex 
lens,  according  to  the  arrangement  given  in  fig.   7,  pi.   XIV,  p.    24, 
Direct  sunlight  is  not  to  be  employed,  and  a  very  strong  light  of  any 
kind  is  hurtful  to  the  eyes.     The  best  light  during  the  day  is  to  be  ob- 
tainetj  from  a  white  cloud  upon  which  the  sun  is  shining.     In  some 
investigations  it  is  well  to  cause  the  light  to  pass  through  ground  glass, 
or  Tery  thin  tissue-paper  oiled  or  varnished,  before  it  impinges  on  the 
object   The  light  is  thus  much  softened. 

ts.  HoBMiiraniBtle  lUnmlnatlon. — Professor  Amici  seems  to  have 
been  the  first  to  have  tried  experiments  with  monochromatic  light  in  the 
enmination  of  objects  in  the  microscope.  He  employed  the  rays  of 
die  solar  spectrum,  but  I  am  not  aware  that  any  great  advantages  have 
been  gained  or  new  iacts  discovered  by  this  process.  Yet  it  seems  pro- 
h»We,  now  that  we  are  enabled  to  examine  objects  so  much  more 
mmutely  than  heretofore,  that  something  may  be  obtained  by  enquiries 
in  this  direction.  Any  ray  from  an  ordinary  prism  may  be  caused  to 
pKS  through  the  object  or  condensed  upon  it  with  the  aid  of  the  con- 
denser, Count  Castracane  has  since  used  monochromatic  light  for 
niicroscopical  observation  and  for  taking  microscopical  photographs 
{"Microscopical  Journal,"  October,  1865,  p.  250),  and  a  similar  plan  has 
also  been  adopted  in  America  by  Mr,  L.  W.  Rutherfurd.   Count  Castra- 
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cane  used  one  of  Dubosq's  heliostats,  a  rather  expensive  instmment,  by 
which  the  whole  field  could  be  illuminated  by  any  single  ray  desired, 
and  by  the  movement  of  the  prism,  effected  by  clockwork,  this  parti- 
cular ray  was  prevented  from  passing  out  of  the  field. 

36.  The  DlKpbrMrai  has  been  already  described  in  §  14.  The 
definition  of  the  structure  of  a  transparent  object  is  often  found  to  be 
very  much  clearer  when  only  the  more  direct  and  central  rays  of  lij^t 
from  the  concave  mirror  are  allowed  to  pass  through  it  An  ezcelleiK 
contrivance  for  altering  the  size  of  the  aperture  in  the  diaphragm  has 
been  recently  devised  by  Mr.  Collins,  fig.  3,  pL  XVII.  See  also  }  39. 
Apertures  of  various  sizes  and  in  different  posirions  are  made  in  the 
diaphragm,  so  that  pencils  of  light  of  different  forms,  and  of  different 
degrees  of  obliquity,  may  be  made  to  impinge  upon  the  object 

sf.  Acfaranuuie  Condenser. — The  illumination  of  some  objects 
examined  with  high  powers  is  much  improved  by  causing  the  light  to 
pass  through  an  achromatic  condenser,  which  may  consist  of  an  ordinaiy 
achromatic  objective  of  half  or  a  quarter  of  an  inch  focus,  arranged  in 
a  sliding  tube  immediately  beneath  the  stage.  One  of  these  instru- 
ments can  be  fitted  to  the  student's  microscope.  Mr.  Quekett  has 
adapted  a  simple  lever  handle,  by  means  of  which  the  right  focus  is 
readily  obtained,  pi.  XV,  fig.  2,  p.  26,  The  instmment  is  not  an  expensive 
one,  if  it  be  made  of  a  French  combination.  I  have  often  obtained 
very  good  illumination  suitable  for  the  examination  of  most  tissues 
without  using  an  achromatic  condenser.  In  working  with  high  powers, 
however,  it  is  absolutely  necessary. 

38.  Keiner'a  Eyepiece,  as  already  stated,  makes  a  most  valuaUe 
achromatic  condenser,  and  has  been  of  the  most  material  assistance  to 
me  in  many  of  my  recent  investigations.  The  observer  will  find  that  by 
stopping  ofT  the  greater  part  of  the  light  passing  through  the  condenser, 
by  placing  over  the  upper  lens  a  thin  plate  with  a  very  small  central 
hole,  great  advantage  results  in  working  with  high  powers.  The  hole 
may  be  made  in  a  flat  piece  of  thin  brass,  which  is  kept  in  its  place  by 
a  very  slight  rim,  projecting  about  the  twentieth  of  an  inch  or  less  above 
the  top  of  the  condenser.  In  this  way  apertures  of  different  sizes  may 
be  tried  without  trouble.  My  friend  Mr.  B.  Wills  Richardson  uses  stops 
over  the  condenser,  in  which  slits  and  holes  are  made  of  peculiar  shape, 
and  varying  much  in  posirion,  some  allowing  only  a  very  small  pencil  of 
light  to  pass  at  the  side.  ("Microscopical  Journal,"  January,  1866,  p.  10.) 

39.  eiuett's  Condenser. — Mr.  Gillett  has  adapted  a  diaphragm 
plate  and  stops  to  the  achromatic  condenser,  and  a  beautiful  instrument 
of  this  kind  has  been  made  by  Mr.  Ross.  Messrs.  Powell  and  Lealand 
have,  however,  improved  upon  it,  and  brought  out  a  much  smaller  and 
more  compact  condenser,  which  is  attached  to  their  microscope.  The 
Rev.  J.  B.  Reade,  to  whom  we  are  indebted  for  many  Improvements  in 
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this  direction,  has  contrived  a  valuable  hemispherical  condenser  for 
examining  objects  marked  with  veiy  fine  lines  by  oblique  light.    "  Trans, 
Mic  Soc,"  1861,  p.  59.     The  same  observer  has  recently  modified  his 
instrument  by  the  addition  of  another  lens,  by  which  arrangement  he 
is  able  to  obtain  3  ray  of  greater  obliquity  than  is  possible  by  ordinary 
methods  of  proceeding.  ("Microscopical  Journal,"  January,  1867,  p.  3.) 
4*.  Hew  Webster  Condenicr. — Lately  a  form  of  achromatic  con- 
denser, which  passes  by  the  name  of  "  Webster's,"  and  like  the  eye-piece 
Dsed  for  a  condenser,  lets  a  flood  of  light  upon  the  object,  has  been 
much  improved  by   Mr.   Highley,   Mr.   Collins,  and  other    makers. 
Mr.  Collins*  ingenious  arrangement  for  altering  the  size  of  the  aperture 
of  the  (Kaphragm,  instead  of  using  the  plate  with  holes  in  it,  will  be 
understood  by  reference  to  fig.  3,  pi.  XVII,  p.  34,    It  seems  to  me  likely 
that  this  will  supersede  other  plans  entirely.     This  condenser  is  well 
adapted  for  working  with  the  binocular.   Mr.  Collins  is  endeavouring  to 
increase  the  angular  aperture  by  the  addition  of  a  third  lens,  and  render 
it  really  achromatic  like  Reiner's  eye-piece  above  referred  to. 

Many  improvements  have  been  recently  made  in  the  achromatic 
condenser  during  the  past  few  years,  most  ofwhich  have  been  adopted  in 
fte  achromatic  condenser  recently  introduced  by  Mr.  Swift,  which  com- 
bmes  several  valuable  pieces  of  sub-stage  apparatus.  It  contains 
ccuiing  apparatus,  contracting  diaphragm,  polarising  apparatus,  spot- 
tens,  fig.  I.  pi.  XVI,  p.  28. 

AWiough  it  seemed  to  me  desirable  to  refer  to  the  above  different 
Dctbods  of  modifying  the  illumination  of  objects,  it  must  not  be  sup- 
posed that  the  delicate  instruments  which  have  been  'described  are 
esential  for  beginners  engaged  in  ordinary  observation.  The  student 
m^  even  pursue  some  branches  of  original  investigation  in  which  high 
jKwers  are  not  required,  without  employing  one  of  them.  In  special 
enqmries,  however,  great  advantage  has  resulted  from  the  use  of  some 
of  these  instruments,  and  no  one  ought  to  attempt  to  undertake  certain 
Rxarches,  as  for  instance,  upon  the  nature  of  markings  on  diatoms  or 
oAer  delicate  structures,  until  he  had  made  himself  familiar  with  the 
difiQeiit  effects  resulting  from  their  use,  and  he  would  probably  soon 
find  that  by  modifying  the  plan  which  gave  the  most  favourable  results 
stiB  better  definition  was  to  be  obtained,  or  new  facts  were  to  be 
demoDstrated. 

OP  DRAWING  AN1>  ENGRAVING  OBJECTS. 

41  9t  ■rawms  Objceto. — The  student  cannot  too  soon  try  to 
delineate  what  he  demonstrates.  He  will  teach  himself  to  observe  the 
more  accurately  and  the  more  quickly  if  he  records  the  results  of  his 
woritin  pencil  sketches.    Any  one  can  teach  himself  to  draw  without 
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difficulty,  and  by  a  little  practice  the  student  will  be  able  in  a  very  short 
time  to  make  a  drawing  of  what  he  observes  in  the  microscope.  Il 
may  be  truly  said  that  no  real  advance  in  our  knowledge  of  the  mioute 
structure  of  animal  or  vegetable  tissues  can  be  communicated  to  othen 
unless  accurate  drawings  are  made,  for  it  is  almost  hopeless  for  ac 
observer  to  attempt  to  describe  what  he  sees  in  words,  and  such  descrip 
tions,  however  careful  they  may  be,  scarcely  admit  of  comparison  wifl 
those  of  other  persons.  On  the  other  hand,  a  truthful  drawing  of  wha 
a  man  has  seen  recently  may  be  compared  with  drawings  which  may  b« 
made  a  hundred  years  hence,  and  although  the  means  of  observatioi 
will  be  far  more  perfect  than  they  are  at  present,  such  comparisons  ma; 
be  useful  in  many  ways,  and  especially  in  preventing  erroneous  condii- 
sions  from  becoming  popular.  By  description  ingenious  persons  who 
take  the  pains  to  do  so  may  so  express  themselves  as  to  render  it  veiy 
doubtful  what  their  opinion  really  is,  but  if  they  can  be  persuaded  to 
make  a  drawing,  the  ambiguity  which  pertains  to  language  does  not  add 
to  the  difficulties  of  ascertaining  the  exact  nature  of  the  view  entertained 
when  the  observations  were  made.  It  is  doubtful  whether  an  honest 
enquirer,  skilled  in  observation,  can  be  of  greater  use  in  his  time  than 
by  making  good  drawings  of  what  he  has  seen.  We  may  reasonably 
hope  that  those  who  follow  us  will  look  at  our  drawings,  if  we  are  caiefii] 
to  make  honest  copies  of  nature,  but  we  can  hardly  expect  that  much 
of  what  is  now  written  will  be  read  some  years  hence,  when  the  whole 
aspect  of  the  department  of  science  we  love  to  develop  shall  be  com- 
pletely changed. 

In  delineating  an  object  magnified  by  the  microscope  it  is  importanl 
to  copy  it  accurately,  both  as  regards  the  relative  position  of  the  several 
parts  to  one  another,  and  also  with  respect  to  size.  To  copy  the  size  ol 
many  objects  exactly  will  be  found  extremely  difficult  if  we  rely  upon 
the  eye  alone,  but  there  are  several  ways  of  proceeding  by  which  accu- 
racy may  be  ensured. 

The  simplest  method  of  copying  an  object  magnified  in  the  micro 
scope  is  the  following :  arrange  the  paper  on  a  piece  of  stiff  cardboard, 
so  that  it  may  be  upon  the  same  level  as  the  stage  upon  which  the  objed 
is  situated,  on  the  left  side,  if  the  right  eye  is  the  one  used  for  observa' 
tion.  If  we  now  look  steadily  at  the  object  with  the  right  eye,  it  wfl! 
be  found  that  the  object  appears  to  be  thrown,  as  it  were,  upon  thi 
paper,  and  it  may  be  clearly  seen  by  the  left  eye,  and  its  outline  be  verj 
readily  traced,  the  movements  of  the  pencil  being  executed  by  the  righ' 
hand,  if  the  observer  is  not  able  to  use  the  left.  By  far  the  best  course 
however,  is  for  the  observer  to  acquire  the  habit  of  observing  with  thi 
left  eye,  in  which  case  the  paper  can  be  placed  on  the  right  hand  of  th< 
stage,  and  the  right  hand  used  for  drawing.  With  a  little  practice  th* 
relative  position  and  correct  size  of  objects  may  be  insured  in  thi 
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Sut  U  is  somrwfaat  troublesome  and  difficalt  to  keep  the  image 
^ttl»ject  perfectly  itiU. 

^  crauBtra  Lii«M«. — The  camera  lucida  has  long  Immd  employed 

J iiiiktn£  microscopical  drawings.    The  object  appears  to  be  thrown 

jgi^flpon  the  paper,  and  with  a  little  practice  the  observer  may  trace 

fte  lines  with  n  finc-poinicd  pencil  with  exceeding  accuracy.     If  there 

j^dbc  inyblucnMs  round  ihc  edge  of  the  field,  the  distance  between 

He  yearn  and  the  ej'c-glass  should  be  increased. 

4t,  ncis  Btek. — ira  little  steel  disk  be  placed  at  on  angle  of  45 
vith  ikc  cyc-^ass,  it  will  receive  the  nugnilied  image  of  the  object 
Ite&a  it  upwards  upon  the  retina  of  the  observer.  The  di&k  being 
tiua  the  aperture  of  the  pupil,  the  pencil  can  at  the  same  time 
fte  tell  seen,  while  the  image  apparently  thrown  don'n  upon  the  paper 
imn&  itcaiefully  traced.    The  steel  disk  is  represented  in  |^.  XVII, 

44.  :iratrai  Tint  ciub   Hciicctar. — ^Tbc  simplest  and  cheapest 

RdcOor  iiii  microscopical  drawing  consists  of  a  small  piece  of  plate* 

^•a  ili^r  coloured,  but  not  so  dark  as  to  prevent  an  object  being 

attB  liima^li  it  perfectly.     I'his  is  aUo  arranged  at  an  angle  of  5  degs. 

wiA  tbe  eje^la&s ;  by  it  the  draughtsman  can  v»y  easily  follow  the  out- 

liDaribh&  pencil  upon  the  paper.    This  instrument  is  rcptesented  in 

I.  fi^  4.    It  may  be  roounied  in  various  ways  so  as  to  conve- 

.  It  00  the  end  of  the  eye-piece. 

tionler  to  oac  either  of  the  above  instruments,  the  microscope  is 

ni»^  hflnzoDtally,  and  the  paper  placed  on  the  table,  as  shown  in 

flXV,4g.+. 

Mk  arrmavitic  i.iirht  for  Brawiav. — It  is  important,  however,  in 
■iag  l^  instruments  that  the  light  should  be  carefully  arranged. 
Tfif '!!uce  should  not  be  illuminated  too  intensely,  and  the  paper  ujion 
'.  dctwing  is  made  should  not  be  too  tnuch  in  the  shade,  or  the 
J-.W1  1  ilie  pencil  will  not  be  distinctly  seen.  Experiment  can  alone 
itatktHe  relative  intensity  of  the  light  upon  the  object  and  upon  the 
but  with  a  little  practice  the  proper  degree  of  iliumination  will  be 
The  object  appears  to  be  thrown  upon  the  paper,  and  its 
can  be  very  readily  traced.  If  a  small  representation  is  desired, 
Decessary  to  place  the  pajwr  upon  a  stand  a  few  inches  nearer 
•fftector.  If,  on  the  other  liand,  a  large  diagram  is  required, 
1*  between  the  reflector  and  the  paj»cr  must  be  increased.  By 
1**^  ihe  diagram  paper  upon  the  floor,  the  object  can  be  reailily 
Bxifrii')  a  \iiXi^  penul,  in  this  manner  many  of  my  diagrams  have 
km  aade.  Such  are  of  course  accurate  copies  of  the  objects  them- 
and  lire  thttcforL'  more  truthful  than  diagrams  copied  fivm  draw- 
n  be.  In  making  microscopical  drawings  it  is  usual  to  fix  ttie 
UuiDc  arbitral)'  distance,  as  10  inches,  from  the  eye-piece.    If 
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the  distance  be  always  the  same,  the  drawings  so  obtained  may  be  com- 
pared with  each  other,  and  scales  of  measurement  may  be  appended  to 
them  by  proceeding  in  the  manner  described  in  $  62. 

Mr.  Conrad  W.  Coolte,  in   1865,  designed  a  new  instrument  tar 
drawing,  which  he  terms  a  "  micrographic  camera."    By  this  instmineiift 
an  image  can  be  thrown  on  a  sheet  of  paper  placed  in  a  horixomd 
or  slanting  position,  so  that  any  one  may  trace  on  the  paper  the  oudiav 
and  even  details  of  structure  with  accuracy.     It  is  useful  also  for 
poses  of  demtmstration,  for  two  or  more  persons  may  at  the  same  tins 
conveniently  examine  the  image  of  the  object  reflected  upon  the  pttpa. 
The  head  of  the  observer  is  isolated  from  external  light  by  means  of  a 
curtain  which  falls  over  the  back  of  his  chair.     Measurement  of  An 
objects  shown  in  this  camera  may  be  very  easily  made,  and  boxwood 
scales  corresponding  to  the  magnifying  powers  of  the  different  objectifCl 
are  furnished.     All  the  necessary  adjustments  can  be  effected  from  tkt 
inside,  so  that  the  inconvenience  to  the  observer  of  continually  altoiog 
his  position  is  avoided.    The  use  of  this  instrument  is  not  entirely 
fined  to  the  examination  of  transparent  objects,  for  an  image  of 
of  the  claque  preparations  may  be  satisfactorily  thrown  on  the 
The  effects  of  dark  ground  illumination  {with  the  paraboloid  and 
instruments)  and  those  of  the  polariscope  may  also  be  shown  withart 
loss  of  deffnition.    The  accessory  instruments,  as  well  as  the  objectim 
used,  are  the  same  as  those  of  a  microscope  of  the  ordinary  constiiio^ 
tion.    The  whole  apparatus  is  made  to  fold  up  so  as  to  occupy  littl^^ 
space  for  the  sake   of  portability.     The  apparatus  was  furnished  b^^ 
Messrs.  Ross  and  Co.  ^ 

46.  or  maklDs  DrawlDgs  wUch  It  !■  Intended  ahanld  be  E: 
—With  a  little  practice  the  student  may  acquire  the  pow»  of  drawing 
wood,  and  the  engraver  will  often  be  able  to  produce  a  more  faithfc=^ 
representation  of  the  object  than  he  could  do  if  he  himself  copied  a»:3 
the  wood  the  drawings  of  the  microscopical  observer.  The  drawiiik^ 
should  first  be  made  roughly  on  paper,  in  order  to  obtain  the  size 
general  characters  of  the  object  A  piece  of  retransfer  paper  is 
placed  upon  the  prepared  wood  block,  and  the  prominent  lines  of  1^k.« 
drawing  transferred  to  the  wood  by  going  over  the  lines  with  some  firatm, 
blunt-pointed  instrument  A  needle,  the  point  of  which  has  been  "><m^^ 
slightly  blunt  by  filing  it,  answers  very  well.  By  using  moderate  pie^ 
sure,  the  colour  of  the  retransfer  paper  is  impressed  upon  the  wood 
block,  the  lines  exactly  corresponding  to  those  of  the  drawing.  Theaet 
lines  are  afterwards  reproduced  by  lead  pencil,  corrected,  if  necessaxj^ 
and  the  delicate  parts  of  the  drawing  filled  in  by  carefully  copying  fro* 
the  object  itself. 

If  the  engraving  is  to  be  a  fac-simile  of  the  drawing  with  the  difien 
parts  on  corresponding  sides,  it  is  necessary,  in  the  first  place^  to  csn^  _ 
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the  picture  with  ordinaiy  tnuiing  paper,  and  inx<ert  the  tracing  upon  th'e 
reiransfer  paper  on  the  wood-block,  as  the  impressions  are  or  course 
always  reversed  :  or  a  reverse  may  be  obtained  by  copying  the  image  of 
the  drawing  rcflwrtcti  from  a  looking-glass.  Many  specimens  of  wood 
mgraving,  the  drawings  of  which  were  placed  on  the  block  as  I  have 
described,  will  be  round  in  the  plates  in  this  volume. 

49.  rrnciu. — Kscellcnt  lead  pencils  arc  now  made  and  are  very 

cheap.    'Iliose  known  as  Faber's,  is.  ^.  a-dozen,  are  among  the  besL 

HH's  Of  HFIH's  are  sufficiently  hard  for  ordinary  drawing  on  jiapcr, 

but  for  drawing  on  wood  a  four  or  five  H  is  to  be  prercrrcd.     Drawings 

oCintcTOscopic  objects  may  .ilso  he  made  with  Indian  ink  or  sepia,  a  fine 

tm^  or  pen  being  used.     If  the  observer  draws  on  wood,  he  will  save 

dne  by  representing  the  shading  as  a  tin/,  and  different  kinds  of  shading 

nay  be  indicated  by  diflerenl  colours  applied  witli  a  camel's  hair  brush 

IB  the  tL<iU3J  way. 

««.  TrsriRB  rap«r  is  a  very  transparent  paper,  obtained  by  soaking 

teu-pqier  in  some  oily  material,  and  allowing  it  to  dry.     Keincing 

pIKi  consists  of  tracing  paper,  upon  one  side  of  which  a  fme  red,  blue, 

"i.k  powder  has  been  rubbed,  which  adheres  to  the  paper  pretty 

t:::     '  ii:  oMch  at  the  same  time,  maybe  readily  transferred  to  another 

Si- <;  I  irm  pressure  be  applied. 

41.  Wood  Biaeh*  are  prepartA  by  rubbing  a  little  dry  caibonate  of 

'ttadxnd  hriek  dust  moistened  with  water  upon  the  surface,  a  very  little 

hcisfitloved  lo  dry  on.    In  this  way  a  smooth  white  surface  is  obtained, 

•jminlily  adapted  for  recei\'ing  the  most  delicate  drawing.    It  is  well  to 

nkMfn  ibc  white  lead  witli  a.  little  very  weak  gum  water,  wliich  makes 

itiOvn:  firmly  to  the  surface  and  gives  a  very  smooth  face.     If  tiie 

'  tfac  block  is  not  smooth,  it  may  be  rubbed  with  the  hand  or  a 

i  hard  paper  or  wash-leather.     Eveiy  observer  should  leam  to 

■-I  the  wood  block  himself.    There  Is  no  great  difficulty,  and  a 

(laaice  will  enable  him  to  draw  as  well  on  wood  as  on  card- 


U.  Of  nliialuliiir  LlthographN  of  nirrowoplml  linifrlnRs. — I  think  it 
to  give  a  few  directions  for  drawing  on  btone,  as  1  believe 
:  art  many  olwervers  who  would  wiUingly  give  up  the  necessary 
freqnireil  to  place  Iheir  own  work  on  the  stone,  who  could  not  afford 
HBlpIof  a  liihogmphic  artist.  I  made  many  drawings  in  this  manner 
JBUS  ago  to  itiuhliate  some  of  my  books,  and  with  the  help  of  a 
.«4io  could  at  hrM  draw  but  little,  was  able  to  execute  numerous 
which  arr  vcr)-  accurate  copies  of  the  objects,  although 
ittroaion  they  will  not  bear  comparison  with  artisLs'  work. 

n.  iniwlas  on  Tranarer  Paper. — If  the  drawing  does  not  contain 
tsadi  *oj  minute  work,  it  may  be  faintly  drawn  on  properly  prepared 
fiii^pwfiu  tnuu/tr papfTf  with  lead  pencil,  direct  liom  the  microscope. 
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The  lines  must  then  be  traced  with  a  pen  with  lithographic  ink.  The 
shading  is  e(fc:cted  by  drnwiiif{  delicate  lines  made  «-ith  the  pen  or 
with  lithographic  chalk.  The  latter  jjlan,  howcvtr,  is  not  well  adapted 
for  making  transfer  drawings.  The  drawing  is  then  to  be  sent  to  the 
lithographic  printers,  where  it  is  damped,  placed  downwards  on  a  diy 
stone,  nnd  after  being  subjected  to  firm  pressure,  the  paper  is  peeled  off, 
and  the  preparaiion,  with  the  drawing.  left  on  the  stone.  The  latter 
is  removed  with  water,  the  drawing  properly  set,  and  the  priming  ink 
applied  with  the  roller.  The  whole  process,  including  the  printing, 
may  be  conducted  at  home  if  the  ohserver  likes.  Small  lithographic 
presses  are  row  made  at  a  cheap  rate,  but  the  results  will  not  be  equal 
to  those  obtained  by  an  experienced  lithographic  primer. 

ax.  Tran«fer  FAp«r  for  iJihorraphic  DmniDr  is  prepared  for  the 
purpose.  Some  which  was  made  of  India  paper,  and  was  supplied  to 
me  by  Messrs.  Harrison  and  Sons,  of  St.  Martin's  I,ane,  answered  ex- 
ceedingly well 

BS.  orawinc  •■■  the  aisnc. — There  are  two  plans  of  drawing  on  the 
stone  itself,  which  afford  belter  results  than  the  preceding  method, 
but  much  practice  is  required  if  satisfactory  results  are  to  be  obtained. 
When  the  drawing  is  much  shaded  and  extreme  delicacy  of  outline  U 
unnecessary,  the  oudine  is  first  sketched  on  paper,  and  the  drawing 
rettuced  on  the  stone  in  the  manner  described  in  §  46 ;  the  outline 
may  then  be  followed  on  the  stone  with  ink — a  pen,  or  very  fine  sable 
hair  brush,  being  used  for  the  puqiose.  The  shading  may  be  giveo 
with  the  lithographic  chalk.  The  chalk  is  to  be  very  finely  pointed  bf 
cutting  downwards,  the  point  being  uppermost  (as  in  pointing  an 
ordinary  chalk  crayon),  and  held  in  a  handle  made  out  of  a  common 
quill.  The  lines  are  to  be  made  very  gently,  rcpe;iling  the  strokes 
frequenlly  with  a  light  hand,  when  depth  of  colour  is  requirc-d,  rather 
than  by  leaning  heavily  so  as  to  remove  a  considerable  quantity  of  chalk 
at  once,  and  deposit  it  upon  the  stone;  Allien  chalk  shading  is  etn- 
ployed,  a  (mc\y  jtrainfd  stone  is  required.  The  stones  can  be  provided 
and  prepared  by  most  of  the  lithographic  printers,  or  they  may  be 
purchased  of  various  firms  who  supply  the  instruments  and  apparatus 
required  by  litliugraphers. 

B4.  or  Knsnintiv  on  Risne. — If  the  work  is  very  delicate,  as  is  the 
case  with  most  subjects  of  which  the  microscopical  obser^'er  will  desire 
to  obtain  representations,  engraving;  on  stone  is  to  be  preferred.  The 
process  is  very  simple,  but  he  who  intends  to  obtain  good  results,  must 
be  content  to  spend  some  time  in  practice.  The  stone  for  on  engraving 
must  be  finely  polished,  and  it  is  well  to  have  it  tinted  with  a  little  iiK 
fusion  of  logwooil,  or  to  cover  it  with  a  thin  layer  of  lamp  black,  which 
enables  the  draughtsman  to  see  his  fine  strokes  very  distim-ily  The 
outliiK  of  the  drawing  is  traced  in  the  maimer  already  described,  and  then 
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lipet  aie  to  he  scratched  upon  ihe  ston«  with  a  very  fine  point.  A 
!  point  :  '  >  hardened  by  being  heated  red  liiM  and  suddenly 

lincnl.  ■■iserted  into  a  strong  handle,  may  he   used.     I 

Jly  used  on  etching  needle  ;  the  point  of  which  vns  sharpened  rroro 
;to  tiiae  upon  a  hone.  A  pro]ieriy  jiointcd  diamond  is,  however,  (ar 
riiun  a  needle.  The  d.irk  parts  are  shaded  bylines  jitaccd  very 
dam  mgciher,  or  cross-sh.iding  may  be  adopted,  or  the  tint  may  be 
pmt  by  dots,  as  in  copper-plate  engraving.  Generally,  it  is  better 
^  It}'  Ig  obtain  the  a[>peanu]ce  of  texture  by  copying,  as  nearly  as 
bir,  tiw  charucter  of  the  tints  of  the  object  itself.  The  thickness 
ftte  line  in  the  impression  will  depend  upon  its  ip/I/M  ujwn  the 
,anJ  not  upon  ihe  i/efi/A  to  which  it  may  extend  into  it.  When  a. 
:  line  is  required,  it  is  desirable  to  make  two  or  three  narrow  lines 
rtaeach  other,  instead  of  one  wide  one.  .\fter  all  the  lines  have 
^.been  saalLlicd  in,  the  stone  is  sent  to  the  lithographic  printer,  who  wilt 
t  a  proof  of  the  engraving.  The  oily  material  which  is  applied 
tD  the  rough  scratches  only,  and  subsequently  when  the  stone 
^Macd.  the  ink  only  attaches  itseJf  to  the  oily  parts. 
U.  UikMBmrlite  Ink,  UtboKmphle  Stone*. — The  ink  may  be  ob> 
1  in  the  tlutd  state,  but  it  is  heller  to  use  the  solid  ink,  a  little  of 
ifack  a  rubbed  up  with  water  when  required.  Lithographic  chalk  may 
heinaircd  of  dilTcrcnt  degrees  of  hardness, — it  can  always  be  made 
modllurdrr  by  melting  it  and  rolling  it  into  sticks.  The  stone;  arc  sold 
J^dUpouiuL  It  is  desirable  to  obtain  stones  large  enough  to  hold  four 
tan  pges  of  drawings,  as  the  expense  of  working  a  stone  of  this  size 
iJjtKlGsle  more  than  one  large  enough  to  contain  only  a  single  plate. 
The  3)i)viratu8,  ink,  chalk,  &c  alluded  to,  can  be  obtained  of 
LVVaierlow.  Messrs,  ILughes  and  ICimber,  Red  Lion  Court,  Fleet 
find  moU  lithographers.  It  is  due  to  Messrs.  Harrison,  of 
lin't  lane,  chat  I  should  thank  them  for  the  kindness  they  ha\-e 
d  in  assisting  mc  in  carrying  out  this  and  many  other 
cing  drawings.  Without  the  important  help  they  and 
len  have  afforded,  on  all  occasions,  my  efforts  would  probably 
as  I  had  no  knowledge  of  practical  lithography. 
St.  ar  rasrcwaiiac  Pceullmriuei  of  Tulare. — Success  in  drawing 
cojMcol  specimens,  depends  mainly  upon  a  careful  study  of  ibe 
Qt  methods  of  shadmg,  by  which  Ihe  idea  of  texture  may  be 
u  well  a»  mere  differences  of  light  and  shade.  It  is  most 
I  give  general  directions  on  this  matter,  and  mufh  depends 
method  of  illustration  determined  upon.  Various  tints  and 
would  be  produced  in  a  diifcrent  iruuiner  accordir^;  as  the 
11KK  engraved  an  copper,  stone,  or  wo<hL  I  have  no  doubt 
tike  iDost  perfect  results  can  be  obtained  on  steel,  or  copper,  or  by 
(Qpniig  u|KMi  uone,  but  the  expense  of  these  methods  is  a  serious 
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objection,  and  for  some  years  pasl  I  have  abandoncU  them  in  favour  of 
wood  engraving.  This  process  possesses  mauy  advantages,  and  where 
a  great  number  of  illustrations  is  required  is  by  &J  the  least  expensive, 
if  a  laigc  number  of  copies  can  be  printed.  The  illustrations  in  the 
present  work  are  all  wood  engravings.  The  blocks  are  not  them- 
selves used  for  printing,  but  electrotype  facsimiles  are  prepared,  which 
scarcely  deteriorate  at  all  by  wear.  These  arc  buili  up  by  the  piinier 
and  the  necessary  descriptions  placed  below  tliem,  eight  pages  being 
worked  at  a  time.  In  this  way  the  large  number  of  illLstraiioii!.  re<iuiied 
can  be  jirodijced  ai  far  less  cost  than  lithographs  could  be  procured,  and 
alterations  can  be  introduced  m  successive  editions  without  diflii-ully. 

DilTcrcnccs  of  texture  may  be  well  rendered  on  wood  if  the  engraver 
is  encouraged  to  execute  the  work  with  care  and  delicacy.  The 
observer  must  of  course  learn  to  draw  on  Uie  block,  and  cither  copy 
the  particular  shading  he  require*  from  other  engravings,  or,  with  the 
assistance  of  the  engraver,  may  introduce  various  plans  of  his  ow-ti. 
By  drawing  on  the  wood  himself,  not  only  does  he  save  one  third  of  the 
cost,  but  he  mil  obtain  far  more  faithful  represeniarions  of  natural 
structures.  In  many  of  (he  plates  of  thisvoUimc  illusirationsof  diftercnt 
kinds  of  work  will  be  found.  Ky  attentive  examination  the  reader  will 
see  how  each  ditferent  appearance  is  produced.  None  of  the  different 
kinds  of  shading  represented  are  very  expensive,  and  it  will  be  observed 
that  cross  shading  with  dark  lines,  which  is  most  expensive  in  wood 
engraving,  ha*  been  almost  entirely  avoided.  An  example  of  the  ci 
shading  work  referred  to  will  be  found  in  the  plate  illustrating  a  trans^j 
verse  section  of  the  spinal  cord,  which  is  beautifully  executed,  and 
the  observer  will  take  a  magnifying  glass,  and  bear  in  mind  thai  everyl 
one  of  the  little  wLite  spaces  has  been  cut  out  by  the  engraver  and  the 
black  lines  left,  he  may  form  some  idea,  of  the  labour  and  care  required 
to  engTLve  such  a  block.  The  wood  engraver  is  obliged,  unless  expense 
is  no  object,  to  shade  as  much  as  [lossiblc  with  parallel  lines,  which 
system  entirely  fails  to  produce  the  appearances  required  by  the  mlcro- 
scofiist.  However,  by  simply  breaking  these  lines  at  short  intervals  by^ 
running  the  graver  across  tltem  aiid  keeping  them  a  litUe  irregular, 
variety  of  trutbftd  characters  may  be  jtroduced  and  at  comparaiivcly 
liule  cosL 

There  can  be  no  doubt  that  much  more  perfect  results  would  be 
obtained  in  wood  engraving,  if  the  observer  not  only  drew  upon  tl: 
block  but  engraved  the  drawings  himself,  and  I  see  no  reason  wl 
nuny  might  not  do  this.  The  art  of  wood  engraving  may  be  Icamt  in 
a  few  months,  and  although  the  process  is  tedious  and  occupies  inu( 
time,  I  am  sure  that  the  greater  perfection  of  llic  results  would 
titan  compensate  It  may  be  possible  in  certain  cases  for  ic 
cicmbcrs  of  the  bmily  to  engrave  the  work  tuuler  the  eye  of  the  ob- 
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>t,  nnd  in  ttiis  way  the  eograving  will  be  almost  as  good  as  if  the 
id  pcrfoiuicd  the  whole  work.    Wood  engraving  U  a  dcliglitfuL 
>n  for  Udics  who  have  the  time  to  devote  to  it,  and  any  really 
pod  wood  edgtavcT  may  earn  two  pounds  a  week  or  more  if  he  only 
II  few  hours  2  day.     The  only  inslructiua  required  may  be  obtained 
W.  Thoiuas  Gilk's  little  book  "  The  Art  of  Wood  Kngtaving," 
HiUiilKd  for  IT.,  by  Wlnsor  and  Newton,  38,  Rathbone  Place.    The 
dusond  the  few  tools  required  may  bo  obtained  of  Mr.  Buck  and 
uot-makcr?,  of  Messrs.  Winsor  and  Newton,  aod  Ktwc  attists' 


•Ma  ibe  imiMrtanec  of  Otiwrren  dcllntaiinv  tkclr  own  Work. — 
1  nil,  1  know,  be  said  thai  the  processes  of  drawing  on  stone  and 
i^-raving  are  of  a  nature  which  a  skilful  draughtsman  can 
,uul  the  labour  which  a  microscopical  observer,  who  wishes  to 
r  them  out,  must  be  content  to  bcsiow,  may  be  better  employed, 
gctiiofis  of  other  kinds  might  be  urged,  but  I  feel  that  it  in  my  early 
llud  not  been  able  to  have  lithographs  and  drawings  executed 
li  bnoe,  very  few  of  the  illustrations  in  my  works  would  have  been 
pUnbcit  Rcmemberirig  how  much  I  needed  at  one  time  the  little  in- 
J(nnBDgi\rn  here,  ami  the  difficulty  I  cxpcnenccd  In  gaining  it,  I 
l^nnll  to  mention  the  most  imjiortant  |>oints  in  case  some  of  my 
I  may  be  desirous  of  trying  to  illustrate  their  own  observations. 
UBSi  history  and  microscopical  societies  may  by  Uic  methods  1  have 
tilxi  ri:<:ord  some  of  the  most  imjKtrtant  observations  of  their 
faiica,  and  at  very  small  cxi>cnsc,  if  ihc  work  is  carried  out  by  them- 

Vie  Mtudent  must  not,  however,  suppose  that  the  task  of  mirroscopic 
,  wl  engraving  is  an  easy  one.  It  is  quite  as  impossible  to 
obUaia  good  representation  of  any  raicroacopic  object  without  long 
Icnfiil  snidy,  as  it  is  to  produce  a  correct  copy  of  any  other  object 
\taiimi  and  survly  it  is  hard  to  expect  a  draughtsman,  who  is  en- 
Htd  tn  copjing  various  subjects  to  si>end  hours  in  looking  at  sped- 
wu  ia  a  microscope,  observing  things  which  he  neither  knows  nor 
sUf  cores  to  know  anything  about.  Neither  is  it  possible  that  any 
'■  Boa  can  make  himself  fully  conversant  with  all  the  beautiful 
.in  every  branch  of  microscopic  enquiry.  It  is  true  that 
:\Vest,  and  one  or  two  other  gentlemen,  have  taken  up  this 
oT  drawing  and  engra%-ing,  and  have  produced  most  beautifiiL 
I  bclierc  Mr.  West's  success  as  an  engraver  of  microscopic 
to  be  due  to  the  interest  he  takes  in  the  subject,  and  to 
r  being  himieU'  a  very  skilful  microscopical  observer.  There  are 
linwings  of  microscopic  objects  which  ought  to  be  published, 
I  iltbgu^ii  ihesc  may  be  of  Uttlc  interest  to  jiersons  geueinliy,  tlicy  are 
Kaur]r  to  those  who  ace  working  at  special  subjects.    However  well 
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skilled  artists  may  be,  unless  Ihcy  have  devoted  very  gre»t  sUcnttckn 
to  the  microscope,  they  wil)  not  be  able  to  dcUncatt  objects  so  initli. 
folly  as  the  obsen-er  liimstIC  Few  artists  have  time  or  incliiuition  f^n 
microscope  study.  There  cannot  be  the  same  difficulty  as  regards  onr 
own  time,  for  is  not  that  which  is  worth  observing  worth  recording,  asu] 
worth  an  expendimre  of  time?  Anything  that  has  been  correttly  ob- 
served is  worth  delineating  if  it  has  not  been  acctirately  copied  before. 

Very  much  yet  remains  to  be  done  in  representing  various  micn>- 
scopic  lextuivs  faithfully,     Pliotography  has  advanced  wondcrtully,  aaci 
will  doubtless  assist  us  more,  but  there  are  many  struclures  the  colour 
of  which  alone  renders  it  quite  impossible  to  obtain  pholognphi  of 
them,  and  there  must  always  be  many  appearances  which  can  only  be 
rcndtrcd    by  accurately  copying   by   hand.     I  cannot,  therefore,  too 
strongly  urge  on  all  those  who  wish  to  work  at  the  micros4:opc,  U> 
practise  drawing  as  much  as  possible ;  and  from  the  very  first    AW^ 
atU'ances  in  our  knowledge  of  structure,  x%  well  as  of  the  minnie  changett 
incessantly  going  on  in  living  organisms,  depends  I  ihink,  in  gmH 
measure,    upon   accurate    cofiics    being  made    of  the   objects. 
drawings  only  is  it  likely  that  the  microscopic  work  of  the 
generation  will  be  useful  to  that  which  will  succeed  it. 

It  is  beyond  the  power  of  language  to  describe  the  charact' 
many  structures  in  such  a  way  that  their  peculiarities  could  be  re 
duccd  in  the  mind  of  another,  and  even  if  this  could  be  done, 
wonderfully  delicate  and  minute  are  the  observed  differences  in 
cases,  that  any  attempt  to  classify  and  arrange  our  observations, 
out  drawings,  would  he  hoi^eless.  and   will  become  more  im^: 
in  proportion  as  observations  multiply;  while  thp  different  mea 
attached  by  persons  to  the  same  words  and  phrases,  introduces  anoi 
difficulty  in  our  attempt  tn  collate  and  deduce  inferences  Crom 
obser^'ations  which  have  been  madi*. 

Now  surely,  at  this  present  time,  our  knowledge  would  have 
much  more  cxtenwvc  as  well  as  more   accurate,  if   instead  of 
descriptions  wc  had   been   furnished  with  accurate   dmwings   of 
minute  structure.     It  is  true  that  all  persons  cannot  draw  well, 
very  little  patience  will  enable  anyone  to  copy  a  microscopical  s; 
An  accurate  copy,  although  it  be  ver)-  roughly  executed,  has  an  as 
of  truth  about  it  which  is  unmistak cable,  white  a  drawing  which  is 
offspring  of  the  imagirtaiion  instead  of  a  simple  copy  of  nature, 
the  mark  of  untruth  in  every  line,  however  elaborate  and  une 
tionabic  ils  execution  may  be     Errors  of  observation  are  much 
easily  detected  in  a  drawing  than  in  verbal  description.     A  mihiake 
misinterpretation  expressed  in  a  drawing  can,  and  at  length  must 
corrected  by  subsequent  observation,  while  ill-observed  or  misinie 
facts,  cloaked  In  obscure  language,  may  be  propagated  for  years, 
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iiBltcr  how  £ihe  they  are,  it  may  be  very  dilTicult  to  refute  Ihem.     I 

Id,  ihcTcfore,   urge  ujion   e\'ery  one   the  importance   of  making 

wings  at  whsicvcr  cost  of  time  and  labour.    It  is  worth  luiy  saciificc 

<Jo  really  good  work,  and  if  every  observer  could  but  record  a  few 

ilclineatioos  of  stniclure   during  his  life,   ttie   results   of  the 

:  ■ova  of  those  now  working  would  be  very  valuable. 

I  wuuld  also  strongly  o^  upon  observers  the  importance  of  at 

on  agreeing    upon   some   general    plan   of  delineating;    microscopic 

hqecb,  so  that  our  observaiions  maybe  useful  to  ail,  while  the  L-isk  of 

boK  aho  mil  herufter  have  to  arrange  and  deduce  conclusions  from 

toe  ttor^  will    be   much   facilitate*!.     The  value    of    many    beautiful 

dB«tt)gs  would   be  greatly  increased  if  a  scale  of  looths  or  loooths  of 

tf  ioe!)  was  appended  to  each  of  thera,  and  the  magnifying  power  of 

At  itqect-glass  stated.     This  n-ould  not  have  added  five  mintitcs  to  the 

Mcrciiuired  for  the  task,  while  it  would  have  rendered  each  drawing 

onfBnble  with  others.     In  many  published  drawings,  the  magnifying 

inveiinot  e^-en  mention»l,  and  in  others  there  is  reason  to  believe  it 

tw  ^«n  wrongly  corapuied.     Every  one  who  copies  an  object  should 

iLsguifyiog  power  of  the  combination  of  lenses  he  employed* 

.1  append  a  scale  magnified  by  the  same  combinations.     Sa 

1  tenant  to  hope  that  the  de«ire  for  seeing  our  work  useful  to  one 
rwher  kbA  to  our  $ucceisors,  will  be  received  as  a  sufficient  apology 
fiv  tbe  tiiove  n^marks.  The  reader  must  not  conclude  ihnt  I  am  in- 
■nabk  to  my  own  shortcomings  in  these  and  many  other  mnttcrs,  or 
Ifcal  1  iBi  DM  aware  that  every  drawing  I  have  published  might  have 
been,  anilou^t  lo  have  been  better  than  it  is. 

OM   lUStnUHG  OUJECTS  Aim  ON   ASCERTAIHINO  THE  MAGNIFYIKG 
1>0WER   OF   OBJECT-CLASSES. 

Mom  of  the   larger  and  complete  microscopes  arc  furnished  with 

aieromeicrs,   but   the   simple   method   of  measuring    objects, 

{OKseialy  to  be  described,  to  .1  great  extent  supersedes  more  expensive 

arangcDKCUB.     In  the  first  place  it  is  necessary  lo  refer  to  some  of  the 

fonDs  of  (nicrumctcrs  in  use 

n$  rsiiwvb  KlcraiiKicr,   originally  applied    to  telcscoj^s   by 
lU  inventor,  can  be  fitted  to  the   upper  part  of  the  body  of 
tnicnicope.    A  fixed  cobweb  crosses  the  field  of  view,  and  parallel 
tki  ii  ftnotbet  cobweb   thread  which  tnay  be  brought  near  to,  or 
atfutRl  firom  the  htst,  by  turning  a  milled  head,  to  which  is  attached  a 
padaitA  drcle.    The  value  of  each  degree  on  the  circle  is  asiTcrtaineid 
bjr  pfadog  an  object   of  knon-n  dimensions,  as   the   stage  mkrometer 
gnrfbucd  lo  thousandtiis,  under  the  object-glass,  and  ascertaining  the 
of  degrees  on  ttie  acrew  which  corresponds  to  the  i-  loooth  of  an 
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inch.  From  these  data  a  simple  table  may  be  constructed,  and  the 
diameter  of  any  object  can  be  readily  ascertained  by  bringing  one  side 
of  it  up  to  the  fixed  line,  and  causing  the  moveable  line  to  touch  the 
opposite  side.  If  we  ascertain  the  value  of  the  degrees  as  marked  upon 
the  circle  when  the  lines  are  separated  at  the  proper  distance,  we  may 
estimate  directly  the  diameter  of  the  object  The  older  observers  used 
to  measure  objects  by  means  of  very  delicate  wires,  separated  from  one 
another  by  certain  known  distances,  placed  in  the  focus  of  the  eye-piece^ 
or  by  employing  points,  one  of  which  could  be  moved  from,  or  towatd% 
the  other  by  means  of  a  screw. 

59.  Jaektsn's  Eyepiece  Hlcrometcn. — Mr.  Jackson  arranged  a 
micrometer  slide  in  the  eye-piece  so  that  it  could  be  brought  over  the 
magnified  image  of  the  object  by  means  of  a  screw. 

ao.  stave  Hlerometera. — Within  the  last  few  years,  lines,  separated 
from  each  other  by  certain  known  but  very  minute  intervals,  have  be«ll 
ruled  upon  slips  of  glass  by  means  of  a  diamond  attached  to  a  beautiAd 
instrument,  provided  with  a  most  delicate  arrangement  for  moving  it 
the  required  distance  from  the  last  line  engraved.  A  second  line  is  tbea 
ruled,  then  a  third,  and  so  on.  Excellent  stage  micrometers  of  thk 
kind  have  been  ruled  by  the  late  Mr.  Jackson.  After  his  deadi 
Mr.  Jackson's  micrometer  engine  was  purchased  by  Mr.  Ackland,  of  Ae 
firm  of  Home  and  Thornthwaite,  Strand,  who,  I  beUeve,  now  rules  moM 
of  the  stage  micrometers,  and  from  whom  the  slides  may  be  obtained. 

61.  Test  Object!. — To  such  wonderful  perfection  has  this  process  of 
ruling  lines  upon  glass  been  carried,  that  M.  Nobert  of  Grie&wald,  ia 
Prussia,  has  engraved  lines  upon  glass  so  close  together  that  more  than 
100,000  would  go  in  the  space  of  an  English  inch.  Several  bands,  each 
containing  many  lines  equidistant  from  one  another,  were  engraved 
upon  one  slip  of  glass,  but  the  lines  in  each  different  band  were  separated 
by  gradually  dimuiishing  intervals,  constituting  a  series  which  could  be 
readily  submitted  to  examination  one  after  another.  By  aid  of  these 
the  defining  power  of  any  objecl-glass  could  be  estimated.  As  test  objects, 
they  are  equal  to,  and  even  rival,  many  natural  objects  which  have 
hitherto  been  employed  for  this  purpose.  The  delicate  lines  on  some 
of  the  diatomacese  are  separated  from  one  another  by  the  i-5o,oooth  of 
an  inch,  while  the  finest  lines  engraved  by  M.  Nobert  are  less  than  the 
i-ioo,oooth  of  an  inch  apart  1 

The  podura  scale  is  a  most  excellent  '*  test  object."    It  is  very  re*    ; 
markable  that  notwithstanding  all  the  efforts  of  a  large  number  of  highly  ■- 
skilled  obseivers,  having  the   advantages  of  excellent  apparatus,   the 
precise  nature  of  the  markings  upon  this  wonderful  scale  are  not  yetccnh 
clusively  determined.     Great  differences  in  appearances  result  according 
to  the  method  of  examination  pursued.    If,  for  instance,  the  same  scale  \ 
be  examined  as  a  transparent  object  and  imder  dark  ground  illumiiifc   { 
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the  difference  b  so  great  that  most  would  conclude  that  they  had 
nro  distinct  objects.    With  the  aid  of  Dr.  Edmunds'  parabolic 
tor  (page  a&)   the  markings  appear  as  little  spatulate  bodies 
fjw-ting  from  the  surface  of  ihe  scale. 

ng  to  Prof.  Bailey  of  ihe  United  States,  Gnunmatophora 
and  Hyalodiscus  subtilts  are  the  most  delicate  tests, 
Strnthaorvion  Contributions,"  vols.  It  and  VU  ;  also  a  |>apcr  by 
I.  Hendry,  "Quart  Joum.  Mic.  Sdcncc,"  vol.  I,  p.  i79,i86i;one 
|l  Mcssn.  SulUvant  and  Wormley,  "  Silli man's  American  Journal," 
tx  iS6i.) 

For  testing  the  penetrating  power  of  an  object-^lass,  very  fine  ^e^^'e 
Imlpi^  OQ  diiTerent  planes,  as.  for  example,  Ibose  diistributed  to 
:1s,  porticalarly  the  small  artenes  of  the  Irog  and  newt,  or  the 
.  iseU  of  tlie  palate  of  the  same  animals,  or  very  delicate  fibres 
muscle,  mounted  in  glycerine,  may  be  employed.  It  should 
borae  in  mind  that  the  object-glaitscs  with  a  very  lugh  angle,  although 
nynlualile  for  researches  upon  the  diatomacese,  and  other  delicate 
lljects  of  extrumc  tenuit)*,  do  not  answer  so  well  for  invesiigaiiuns  tipon 
besminuTd  of  animal  and  vegetable  tissues,  as  glasses  of  a  moderate 
lowugle.  Tlii^  question  is  fully  discussed  in  the  remarks  on  "  Test 
)tijocti,"  by  Dr.  Carpenter,  ••  The  Microscope  and  its  Revelations," 
(nur.rtieii. 

laonkr  to  measure  the  diameter  of  an  object  the  glass  slide  upon 
&diihclines  have  been  engraved  (i-toooth  or  i-iooih  of  an  inch 
put  according  to  the  magnifying  power)  may  be  pla(u:d  beneath  the 
tijco  tipon  the  stage.  This  arrangement,  however,  is  only  suitable  for 
poveis,  since  the  object  and  lines  cannot  be  in  focus  at  the  same 
HBcat,  and  it  ts,  therefore,  impossible  to  obtain  a  very  correct 
KuurcDKni. 

■I.  sin^e  xvibo*  of  MexturUR  objertn. — The  most  simple  and 
AociiKn  method  of  measuring  objects  is  wilJi  the  aid  of  the  camera 
or  neutral  linl-glass  reflector  referred  to  before,  §  44.  We  |>roceed 
Uhn :  the  nucroscope  is  arranged  as  already  described  for  drawing, 
.4,plXV,  p.  a6.  In  the  ficlil  of  the  microscope  is  placed  an  ordinary 
11  BioomeLer ,  the  lines  of  which  are  separated  by  thousandths  of  an 
ti  Care  being  taken  that  the  microscope  is  arranged  at  the  proi)er 
i>uioc  from  Ihe  l«per,  the  lines  magnified  by  a  quarter  of  an  inch 
((feciglaii  arc  carrfutly  traced  with  a  hard  i>cucil.  The  micrometer  is 
■Ofed  wd  replaced  by  llie object  whose  diameter  is  to  be  a-sccrt^uRcd. 
pL  XVtl,  fig.  S,  both  micrometer  lines  and  objects  are  shown 
unified  by  the  same  power.  The  object  is  traced  over  the  lines,  or 
another  piece  of  paper,  and  compared  with  the  scale  by  the  aid  of 
The  lines  maybe  engraved  upon  a  slate,  or  upon  pieces  of 
7  or  cordboanlf  and  their  value  aflixedj  so  that  any  object  may  be  at 
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once  measured-     We  require  of  course  a  difftrent  scale  for  ack 
power. 

Scales  ma/  be  made  on  pitet%  of  gummed  paper,  and  one  of  ibcm 
may  be  affixed  to  every  microscopical  drawing.  Fig.  7,  pL  XVII  sho«i 
several  such  scales  magnified  by  different  powers.  Thus  Uie  siwof 
ewry  object  deltnealc<l  may  be  at  once  ascertained,  and  Uie  troulilecf 
making  individual  measurements  saved,  while  at  the  same  time  the 
inconvenience  of  a  long  descriirtion  of  the  dimensions  of  rariouii  oliji-cti 
is  avoided,  than  which  notliing  can  be  more  tedious  or  ks!>  protiLibletw 
the  reader. 

In  cumparing  the  representations  in  books  of  the   same      ' 
delincucd  by  diticrent  obscrvcnt,  it  will  be  found  that  great  cr.i. 
has  rc$ultcd  in  consequeiKe  of  the  magnifying  power  of  the  objcct-glasi 
not  having  been  accurately  ascertained,  and  an  object  said  to  be  magm* 
fied  the  Bame  number  of  times  by  two  authorities  15  not  unfrcquently 
reprcseniud  twice  as  large  by  one  as  it  is  by  the  other.  I'his  discrepancy 
in  most  cases  arises  from  the  magnifying  power  of  the  glasses  not  hatiaig 
been  accurately  ascertained  in  tlie  first  instance.     J  cannot,  thcrefoce^ 
(00  strongly  recommend  all  microscopic  observers  to  ascertain  for  them* 
selves  the  magnifying  pmotr  of  every  obfat-glait  and,  to  prf[»aie,  in  lt>e 
manner  presently  to  be  described,  a  $<Qle  0f  Mtoiureineftf  by  ivhii'k  tk$ 
dimensions  of  Ofry  object  tan  be  at  onee  aseertaineJ.  The  plan  of  appending 
to  every  microscopical  drawing  a  scale  magnified  in  the  same  degree  u 
the  object  reprcsiented,  supersedes  the  necessity  of  giving  measur^'meoti 
in  the  text,  while  it  is  free  from  my  of  the  objections  above  referred  tOb 

«S.  on  AMfrtalnlnc  tbc  Macnir^mc  rwwer  mt  WHtKt-fHtmm.— 
Although  the  several  object-glasses  are  termed  one  inch,  one  quarter  oC 
an  inch,  one-eighth,  Stc,  the  magnifyiny  jwwer  of  cich  is  not  fixed  xaA 
delinile,  for  the  quarters  of  some  makers  magnify  with  the  same  ey^ 
piece  many  tiroes  more  than  those  of  others.  It  is  important,  thercfoTC, 
thai  every  obser\Tr  should  be  able  to  aaceruin  for  hintsclf  the  m.igni^ 
ing  iKtwer  of  hi»  different  gla&»es.  Suppose  I  wish  to  know  how  much 
a  French  quarter  magnifies.  The  one-thousandth  of  an  inch  micromectr 
is  placed  in  the  field,  and  the  magnified  image  is  thrown  by  means  of 
the  neutral-lint  glass  retlcctor  upon  a  scale,  divided  into  inches  and 
tenths  of  incbes,  placed  icn  inches  below  the  eye-tnece.  If  the  magni- 
fied one-thousandth  of  an  inch  covers  about  two*tenths  of  an  inch,  the 
glass  magnifies  300  diamcleis  ;  if  it  covered  one  inch,  the  thousandth  of 
an  inch  must  have  been  magnified  1,000  times,  but  in  this  case  it  only 
conesponds  to  the  one-fifth  of  an  inch,  and  therefore  the  one-thousanddi 
is  magnified  200  times.  For  lower  powers  the  one-humlredth  of  la 
inch  scale  may  be  employed  The  manner  of  ascertaining  the  magni^ 
ing  power  is  therefore  exceedingly  simple  ;  but  it  is  very  important  fur 
the  observer  to  know  the  magnifying  power  of  every  lens  with  dch 
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(Jlffrrrtit  eye-piece,  and  he  should  ascertain  this  Iwfore  he  commences  lo 
nuke  any  oliscn-ations.  This  simple  process  will  be  readily  underaiocd 
if  fi|.  10,  in  pL  XVII,  be  tArcfulIy  siiKlieiL  To  carry  out  this  plan,  it 
is  only  oecessaiy  to  be  provided  with  a  [fUss  stage  mirromtier^  divided  to 
taotbaad  t.oooths  of  an  Inch,  which  can  be  purcha&ed  for  51.  o</.,  and 
sntDch  6Ca)e  divided  in(o  tenths. 

II.  Tb  Asrrnala  iiic  Diaamer  ar  an  Object. — If  an  object  be  sub- 
ftki]tc<)  fur  the  taicromcter,  and  its  outline  carefully  traced  upon  paper, 
ib  dimensions  may  of  course  be  easily  ascerlaim:d  by  cDm)>ari5on  with 
ttx  micrometer  lines,  the  magnifyinf;  power  used  being  the  same  in  both 
oio. 

In  QuArc  to  apply  this  plan  lo  microscopical  drawings  generaDy,  the 
bBoviag  $cctns  lo  be  the  simplest  mode  of  proceeding,  and  it  un- 
duubtedly  Slaves  much  trouble.  Scalcsarc  carefully  drawn  upon  gummed 
paper,  the  magnifying  power  and  the  micrometer  employed  being  stated^ 
Mreprcfcntcd  in  pi.  XVIJ,  fig.  7.  If  a  number  are  drawn  together,  one 
of  the  rows  can  be  cut  off  and  appended  to  the  paper,  upon  which 
ihe  drawing,  nuf^ilied  in  the  same  degree,  has  been  made.  The 
may  rsvc  himself  the  trouble  of  drawing  ihcc  scales  ui>on 
by  ha^■ing  them  engraved  on  wood  or  stone,  and  several  copies 
vmick  tXL  This  ia  the  plan  I  have  followed  in  the  drawings  which 
iSitaruc  my  olMer^-aiionK,  and  the  scales  have  been  copied  in  the  plates 
ia  all  my  published  works. 

M.  ttanaHrdB  «(  MnunrrBtni. — In  this  country  we  usually  employ 
iKc  En^jlii-h  inch,  but  on  the  continent  the  Paris  line  =  -0888,  or  about 
i-illb  of  an  English  inch,  and  the  milIin>ctrc='oj937  English  inch, 
Wc  very  generally  used,  lite  ^gn  '"  is  tised  lo  signify  "  of  a  line," 
■while  "  lignifics  "of  an  incK" 

■a.   Canwrnlvn  of  fDrflKn   Klandards  of  MrMaamnrnte. — In  ordeT 

to  compare  the  lesearches  of  different  authors,  it  is  oficn  necessary  to 
coBTcrt  one  cxpre^ion  of  measurement  into  another.  The  accompany' 
iDg  tabic  of  Dr.  Rolwrtson's  ("Edin.  Month.  Jour,  of  Science,"  Jan., 
1S5X)  win  be  found  of  use  in  making  these  calculations.    Su  Table. 

Depaty  Inspector-General  Lawson  give«  the  following  rules  for  cor>- 
:ng  diffiTcnt  standards  of  measurement  in  a  paper  communicated  to 
Archives  "  (vol  II,  page  292).  A  unit  is  required  that  will  admit 
of  micnisai|)ic  measurements  being  expa-ascd  in  the  smallest  number 
of  ftgarcs,  and  i>ennii  of  foreign  measures  being  easily  converted  into 
Eaglisih,  and  vue  vena,  and  the  decimal  notation  should  be  adopted  to 
bulttale  wmparisons  bctv^xen  the  measurements. 

&lost  mil :  <    measurements  are  greater  than  tlie  oue  huiidred- 

(botisandtb  '.■  .  for  an  object  of  this  diameter  can  only  be  measured 

•nth  occtuacy  when  magnified  by  the  ^f  or  jV-  ^^  P^rt  VI.  The  require- 
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mtMs.  of  the  case  thcrcrore  may  be  stated  in  decimals  of  an  English  inch 
by  'ooioi,  and  if  ihe  two  ciphers  next  the  decimal  point  be  sirudt  out. 
And  the  fini  number  be  ronsidcrcd  the  unit,  it  may  be  wTitten  I'-oi,  in 
which  a  thousandth  or  an  inch  is  the  unit  This  method  will  embrace 
Dcarl)'  every  microscopic  magnitude  in  three  consecutive  figures. 

A  nxillimetre  conuins  03937  English  inch  or  39''37 ;  according  to 
the  method  proposed,  the  length  to  be  converted  will  seldom  amount  to 
one-fourth  of  this.  To  convert  millimetres  into  thousandths,  shift  the 
decimal  [Kiinl  one  place  to  the  right  and  multiply  by  4  ;  if  greater  accu- 
lacy  be  required,  subtract  t^  from  the  second  place  of  decimals  for  each 
of  the  nearest  numbers  of  units  of  the  producL  Thus  o"""25o  be- 
C0tnc»  a'go.  which  X  4  ^  lo'-oo,  from  which  subtract  '15 ;  and  q'-jj 
is  obtained  as  the  value  in  thousajidths  of  an  English  inch,  while  o''"-}^ 
is  equal  to  9''S4,  whidi  differs  from  the  fonnei  by  a  quauuty  too  small 
to  measure 

To  convert  thousandths  of  English  inches  into  milliractres,  add  l^ 
in  ibe  second  place  of  decimals  for  the  nearest  number  of  units  in  the 
mm,  divide  by  4,  and  «hifl  the  decimal  point  one  place  to  the  left,  thus 
—to  9*'S4  add  '-15  and  the  sum  6*999  +  4  =  2*498,  and  shifting  the 
J^nymal  point  """3498,  which  docs  not  differ  sensibly  from  """•25,  the 
cocicct  quantity. 

A  French  line  contains  '0888  English  inches.  The  Frm(h  and 
Pmiian  iims  arc  so  nearly  equal  that  the  same  rule  will  serve  for  the 
cooTcrdon  of  both.  To  convert  lines  inio  thousondtlis  of  an  inch, 
shift  rfie  decimal  point  one  place  to  Ihe  right,  and  multiply  by  9 ; 
if  greucT  accuracy  be  required,  subtract  \\  from  the  second  place  of 
dectnuls  for  each  of  the  nearest  number  of  units  in  the  product.  Thus 
o"''l25  becomes  I'aS,  which  x  9  =  ii'-as,  from  which  subtract  '-14, 
tnd  the  value  in  thousandths  is  found  to  be  i  I'lo,  which  is  correct. 

To  convert  thousandths  into  lines  add  i  \  in  tlie  second  place  of 
decimals  for  each  of  the  nearest  number  of  units  in  ihe  sum,  divide  by 
9,  and  shift  the  decimal  point  one  place  to  the  left,  thus — to  i  I'-io  add 
W4,  the  sum  11*35  divided  by  9,  and  the  decimal  point  shifted  one 
place  to  Uic  left,  gives  o'"  135.  as  before. 

In  most  cases  it  will  be  unncc4^ssary  to  apply  the  corrections  noticed 
^Mvc,  but  by  rcmtmlxTing  the  short  rules  given,  any  one  on  reading  a 
(biciga  work  may  correct  the  measurements  as  he  reads,  and  insert  them 
is  the  margin  without  delay  or  interfering  with  his  progress. 

Mtihod  ef  finding  the  same  Spot  in  a  Spaimen. 

V%,  mt  vaHOBs  Ike  PoiKfaM  «r  an  OMjcffi. — Various  plans  have 
been  proposed  from  time  to  time  for  marking  the  exact  position  of  a 
raiaute  object  in  a  specimen,  so  that  it  can  be  found  with  certainty  and 


48 


now  TO  WORK  WITH  THE  MICROSCOPE. 


placed  in  the  field  of  the  microscope  whenever  re<juired.  A  fine  line  at 
vamish  or  Bniaswick  black  may  be  drawn  round  it,  or  a  small  and  vecy 
thin  metal  tubi'  (about  tlie  tenth  of  an  inch  in  diameter),  nuj-  \)e  moist- 
ened widi  the  vamtsh  and  pressed  Dpon  the  glass  cover,  so  as  to  endidc 
the  particular  object  with  the  line. 

Mr.  Bridgman.  of  Norwich,  has  designed  an  instrument  for  drawing 
a  circle  upon  tlie  thin  glass  with  a  diamond  ]x>inl  ("  Micnx  Joum.,"  vol. 
in,  p.  2J7).  This  instrument  is  represented  in  pi  XVH.  fig.  ti.p.  34. 
A  is  a  brass  cap  6tting  upon  the  end  of  the  object-gLus,  which  it  ratirdy 
covers  up  and  protects  from  injury ;  B,  a  stem  soldered  to  tltc  aide  of 
the  cap  vrith  the  upper  end  having  two  projecting  sides  to  steady  the 
ends  of  C,  €,  and/,  which  are  firmly  secured  to  h ;  C,  on  elastic  arm  of 
hammered  brxss,  which  carries  at  its  lower  end  D,  a  lever  of  thin  braa 
plate,  having  a  fragment  of  diamtmd  inserted  in  its  thinner  end,  and 
directly  under  the  cenurcof  the  cap  A  ;  «  and/are  two  springs,  preasiog 
upon  the  shorter  end  of  the  lever  D,  the  longer  one,/  has  a  hole  to 
allow  the  screw  A  to  pass  without  toaching  it ;  ^,  a  screw  holding  the 
two  sjmngs  and  the  elastic  arm  to  the  arm  of  the  cap ;  A,  a  milkd 
screw  to  adjust  the  elastic  arm,  C,  so  as  to  bring  the  diamond  [Kitnt 
a«-ay  from  the  centre,  according  to  the  size  of  the  ring  re<]uircd.  When 
the  object  has  been  found,  the  cap  carrying  the  diamond  is  placed  00 
the  object-glass  and  carefully  adjusted,  so  that  the  diamond  point  U 
brought  into  contact  with  the  surface  of  the  glass,  then  it  is  turned 
round,  and  thus  a  line  is  drawn  round  any  object,  so  thai  it  ran  be 
readily  found  at  any  future  time. 

This  same  end  has  been  gained  in  another  fganncr.  Graduated 
scales  have  been  affixed  to  the  stage  of  the  microscope,  so  as  to  measwe 
the  exact  amount  of  movement  in  the  vertical  and  horizontal  dtrectioa ; 
the  slide  being  placed  in  position  against  a  stop  at  the  side.  The 
number  on  the  two  scales  is  noted  when  (he  object  is  seen  in  the  field,  at»d, 
by  placing  the  stage  opposite  the  same  numbers,  at  any  future  time  the 
object  must  appear  in  the  same  positiotL  Many  such  ingenious  "  finders  " 
hive  been  proposed  A  very  simple  and  efficient  one  is  represented  in 
pL  XVII,  fig.  6,  in  which  the  scales  are  ruled  on  paper  (Mr.  Wright, 
"Microscopical  Journal,"  vol  I,  p.  30a.  1853),  which  is  afterwords  &xed 
upon  the  stage.     It  is  better  to  have  the  tines  ruled  on  the  brass  ilAelL 

BaiU\*t  Uiuvtrsa!  iHiikator. — Mr.J.W.  Builcy.ofthe  United  States, 
has  described  an  instrument  for  registering  the  positions  of  varioos 
objects  upon  a  slide,  in  vol.  IV  of  the  "Q"'''**''')'  Journal  of  Micro- 
scopical Science."  This  indicator  is  to  be  firmly  fixed  to  the  stage  of 
the  microscu|>c,  care  being  taken  that  the  centre  of  the  indicator  con«- 
sponds  to  the  centre  of  the  object-glass.  The  mode  of  using  the  indi- 
cator is  obvious. 

All  such  devices  have,  however,  been  superseded  in  cases  where  the 
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IS  p^o^-ided  with  a  tiaveUing  stage,  by  the  two  following  very 
ananjjetnenls,  the  6tst  suggested  by  Mr.  Malt^ood  ("Trans. 
ncrascopical  Society,"  vol.  VI,  p.  59,  1858),  the  second  by  >Ir. 
of  Norwich.  In  order  to  use  Maltvrood's  finder,  a  Uttic  slop 
»(!  opon  one  side  of  the  stage,  in  contact  Trith  which  one  end  of 
r,  and  afterwards  the  glass  slide  contiining  die  object,  can  be 
ilbccd.  The  finder  consists  of  a  plate  of  glass  upon  which  numWrs  are 
:d  in  minute  sqiurcs.  These  run  in  two  directions,  vertically  and 
>ntally,  so  that  in  each  square  there  arc  two  different  numbers, 
in  the  case  of  the  central  square,  which  of  couise  contaiiks  two 
Any  object  having  been  found,  its  exact  position  may  be  regis- 
by  mnoring  tlic  slide  and  placing  on  the  stage  the  finder.  The 
iben  seen  in  the  field  nre  then  marked  on  the  slide  itself,  and  the 
sjmt  can  always  be  found  hy  looking  for  these  numbers  on  the 
r,  moving  the  stage  iHl  they  come  in  the  centre,  and  then  substitu- 
the  slide  for  tlii*  linder.  The  numbers  and  lines  are  photographed 
the  finder  which  is  made  by  Messrs.  Smith  .-uwl  Beck,  and  costs 
ju  6(£  A  few  of  tlie  squares  of  a  Mollwood's  finder  are  represented  in 
pL  XVII.  fig.  9.  p.  34. 

•S.  Mr,  vrMcwiui'B  nnder,  which  is  sold  by  Mr,  Baker,  of  Holbom, 
^comwts  of  a  cun-cd  bjr  fixed  10  the  stand  of  the  microscope  and 
lie  of  being  moved  upwards  and  downwards  upon  a  binge  joint 
bar  tenainates  with  a  Ane  point,  and  when  pres34.'d  down  this  point 
Qpon  a  pi<-a:  of  paper  gummed  lo  one  end  of  the  slide,  and 
ies  a  slight  prick,  or  it  may  be  tii>ped  with  ink  if  preferred.    When 
observer  sees  an  object  which  he  desires  to  find  again,  a  mark  is 
with  the  poinL     In  order  to  find  this  same  spot  at  any  future 
it  is  of  course  only  necessar)'  to  place  the  slide  in  such  a  position 
the  OT^nal  mark  exactly  corFe«six>nds  with  the  point  of  the  tinder, 
the  part  of  the  s[)ecimen  must  then  be  ngnin  in  the  centre  of  the 
This  plan  is  vj  simple  and  efficacious,  that  it  will  prolwbly  sui*cr- 
ihc  ^-ariou£  finders  which  have  from  time  to  time  been  invented. 


ftMXrVS  ASn  IXsrttVintNTS  required  in  CITKERAL  MtCROSt»PICAt. 
RESEAIICU. 

■*.  fipirit  i.Ani». — The  spirit  lamp  may  be  nude  of  brass,  tin,  or 
filled  niili  a  ground  glass  cap.  It  may  be  provided  with  a  stand 
i^lding  walrh  glasses,  pi  XVUI,  fig.  3.  Brass  lamps,  to  which  a 
retoit-stand  ta  adapted,  may  also  be  purchased  of  the  instrumeuc 
ttn. 

im,    wit*  mrtmn  HiADtiL — Simple  wire  sands,  made  like  retort- 
to  a  heavy  leaden  foot,  will  lie  fonnd  exceedingly 
...   ..l;.^   ^.  ,..;....  ;-.!5  to  the  microscopical  obser\'er.    TTie  rings  con 
readily  raised  or  lowered  at  pleasore,  and  are  well  adapted  to  support 
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light  objects,  such  as  glass  slides  over  a  lamp,  test-tubes,  flasks, 
walch-Ktasses,  pi.  XVIH,  fig.  3. 

%\.  Tripods  2rc  made  of  thick  iron  wire,  and  jire  usefut  for  support- 
ing several  pieces  of  apparatus  used  in  microscopical  research,  pL  XV  HI, 
figs.  4,  5. 

n.  Bisst  Plat*. — The  brass  plaic  should  be  about  six  inches  long  hf 
ttpo  broad,  and  about  the  thickness  of  thin  millboard.  It  should  be 
supported  on  three  legs,  of  a  convenient  height  for  the  spirit  or  other 
lamp  to  \k  placed  underneath,  ur  the  brass  plate  may  be  supported  on 
one  of  the  rings  adapted  to  Mr.  Highle/s  gas  lamp,  \A.  XI V.  fig.  4,  p.  34. 
It  is  used  for  heating  glass  slides  in  order  to  fix  on  the  glass  cells  witii  At 
aid  of  marine  glue,  for  mounting  objects  in  Canada  balsam,  and  far 
other  purposes,  where  a  uniforra  degree  of  heal  is  required  to  be  applied 
to  glass,  which  is  very  liable  to  crack  if  exposed  suddenly  to  the  naked 
Baroc.  These  diifcrent  pieces  of  apparatus  have  been  figured  in  pL 
XVI! I,  fig.  I. 

VS.  Tiie  Water  kkui  is  of  great  use  for  drying  objects  prrrioos  to 
motmting  them  in  Canada  balsam.  The  object  may  be  placed  in  a 
small  porcelain  basinj  or  targe  vt-atch-glass,  or  it  may  be  simply  laid  upon 
a  flat  plate.  The  basin  or  pLite  is  then  placed  over  the  vessel  contain- 
ing water,  to  which  heat  may  be  applied,  fig.  6,  pi.  XVIII.  In  orda 
that  vessels  of  different  sires  niay  be  heated  upon  the  bath,  it  is  conve- 
nient to  have  a  few  pieces  of  thin  copper  plate,  with  holes  of  difTercnl 
sizes  cut  in  them,  adapted  for  watch-glasses  and  small  vessels,  fig.  7,  iu. 
The  advantage  of  drying  by  a  steam  faeat  consists  in  there  being  no 
danger  of  destroying  tlie  texture  of  iJie  object  by  the  application  of  loo 
high  a  temperature.  A  water-bath  may  be  very  readily  extemporised  hy 
pLicing  two  porcelain  basins  one  above  the  other,  water  being  poured 
into  the  lower  one.  These  may  be  supported  upon  a  tripod  or  upon  one 
of  the  rings  over  the  spirit-lamp,  fig.  3, 


J^r  Cutting  thin  Stttions  of  Tissues  and  Dissteti&n. 

t4.  BcmipeiB. — The  observer  will  find  it  convenient  to  have  three  or 
four  ordinary  dissecting  knives  or  scalpels  for  general  use.  One  should 
be  strong  for  the  purpose  of  cutting  hard  substances. 

II.  OoiiUe-MlK«d  firaipvu. — For  cutting  thin  5cclion<i,  .1  knife  of  the 
form  of  a  lancet,  but  much  narrower,  will  be  found  useful,  and  wheie 
only  sections  of  small  dimensions  are  reiiuircd,  this  will  answer  all  thvi 
purposes  of  Valentin's  knife.  In  cases,  however,  where  a  sc<:tion  \t 
wanted  uf  considerable  size,  the  latter  instrument  must  be  used.  "X^ 
double-edged  scaliwl  should  be  very  thin,  pi.  XVIII,  p^  8.  Beautifii] 
scalpels  of  this  form  have  been  made  for  me  by  Messrs.  Wcisj^  of  the 
Strand,  and  also  by  Mr.  Hawksley,  300,  Oxford  Street.  In  making  j 
scaion,  after  cutting  a  clean  surface,  the  point  is  made  to  perforate  the 


DOUBLE-BLADED    KNIFE. 


St 


and  carried  along  at 


depth, 


to 


canytng 


Fihe 


proper 
The  width  of  the  section  may  then  be  increased 
from  side  to  »ile. 

19.  SHtiva  knift  of  ■  New  patiN. — A  new  section  knife  has  been 

by  Deputy  Inspector-General  Lawson,  for  cutting  veiy  thin 

rckms  of  soft  tissues.    The  general  form  of  the  knife  is  represented  in 

i.  XVril,  figs.  9  and  la  It  is  fully  described  in  my  "  Archives,*  vol.  Ill, 

a86. 

n-  9mmh»r-.liimd**  mr  Talviitln'm  Kmltt. — Toll's  instrament  is  of  the 
grestc^t  value  in  nuking  thin  sections  of  soft  Tissues,  but  care  is  required 
to  keep  it  in  good  order.  It  is  soon  made  blunt  if  used  for  cutting 
,  fibrous  or  cardlaginous  textures.  By  its  aid  very  beauriful  sections  of 
kidney,  liver,  and  other  soft  glandular  organs  may  be  obtained  with 
greatest  filcility.  The  blades  should  alw-ays  be  diispL-d  in  water  or 
Brine  just  before  use,  for  if  wet  the  opcmtion  of  cutting  is  facilitated, 
the  Mction  more  easily  renioved  firom  between  the  blades.  Imme- 
ti  *  '  ,  use  the  blades  &houUl  be  washed  in  water  and  dried  with  a 
piece  of  wash-leather.  If  a  drop  of  water  gets  into  tiic 
'  upper  part  of  the  knife  where  the  blades  meci,  the  screw  roust  be  taken 
Loot;  lad  ench  blade  cleaned  separately.  With  care  in  cleaning  it,  ihe 
fkflifiE  may  be  kept  in  use  a  long  time. 

There  are  two  forma  of  Valentin's  knife ;  in  one  the  blades  are  .sharp 

on  tralh  edges  and  of  a  lancet-shape,  and  in  the  other,  which  I  much 

pcdier,  they  are  sharp  at  the  pcwnt  and  wide  at  the  base,  so  that  Ihe  cut 

fiog  cclge  slants  downwards  from  the  point,  and  they  only  cut  on  one 

wSc,  plate  XIX,  fig.  2,    The  best  form  of  Valentin's  knife,  however,  is 

thax  «Tiich  has  been  made  by  Mr.  Matthews,  fig.  i.     The  blades  of  this 

knale  can  he  completely  separated  from  one  another  and  easily  cleaned. 

Tbe  &SUMX  between  the  blades  is  rt^lated  by  a  little  screw,  which  is 

ft  BKm  convenient  arrangement.    This  knife  has  l>cen  further  improved 

fay  Mr.  Matthews,  by  the  addition  of  two  screws,  so  that  the  perfect 

(•nDdisn  of  the  blades  is  secured. 

fl.  Wmmn. — A  strong  knife  made  like  a  razor  is  very  valuable  for 

[ihir  sections  of  many  tissues,  pi.  XIX,  fig.  4,  p.  52. 

I.  HtHmtr*  are  useful  instruments  for  cutting  small  thin  sections  of 

tissues.    The  most  convenient  form  for  this  purpose  is  one  in 

the  blades  are  cur\*ed,  as  in  pL  XIX,  fig.  6.     When  only  very 

jmions  of  a  tissue  are  required  for  examination,  they  will  be 

BK»crc»Ii]y  removed  with  the  scissors  than  with  any  other  instrument. 

Sntial  piirs  of  scissors  are  rctiuired  for  microscopical  purposes.     Hc- 

jRJbs  the  ordinaiT  form  used  for  dissection,  a  small  pair,  with  curved 

Unlet,  s  pair  of  very  delicate  scissors  with  blunt  points,  fig.  j,  .such  as 

JP2  —  - '  -  ■  (  fi[ir  the  dissection  of  insects,  will  be  found  of  u-se.     Some 

tin.  devised  a  tiew  form  of  spring  scissors,  somewhat  resembling 

E   2 
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the  microtome.  These  are  particularly  well  adapted  for  dissecting  the 
nervous  systems  of  insects,  for  following  out  the  delicate  ramifications  of 
nerves  and  other  minute  dissections,  pi  XIX,  p.  52,  fig.  7.  I  stlongIj> 
recommend  all  students  to  practise  the  dissection  of  the  nervous  system 
of  insects  and  of  other  small  animals.  See  method  of  dissection  nnder 
water,  §  144,  P-  91- 

§0.  Needles  of  various  sizes  are  veiy  useful  instruments  to  the 
microscopist.  They  are  required  for  making  minute  dissections;  (or 
tearing  or  unravelling  various  tissues,  in  order  to  display  their  elementary 
structure,  and  for  separating  any  minute  object  fi'om  isfuse  or  extraneous 
matter,  previous  to  its  being  examined  and  mounted.  Veiy  thin  needles 
are  usefal  for  separating  substances  in  the  field  of  the  microscope  while 
under  observation.  Needles  which  have  been  flattened  at  the  poinli, 
and  subsequently  hardened,  tempered,  and  sharpened  on  the  two  edges, 
make  capital  knives  for  very  delicate  work,  or  the  pins  used  by  the 
surgeons,  and  termed  harelip  fins,  may  be  sharpened  on  a  hone  and 
used  with  advantage.  They  may  be  inserted  in  a  small  wooden  stick, 
pi.  XIX,  p.  52,  fig.  3,  or  held  in  the  handle  of  a  crochet  needle  Mr. 
Matthews  has  lately  made  some  needles  with  cutting  edges,  which  aie 
very  useful  for  making  minute  dissections. 

81.  Forccpn. — A  pair  of  thin  brass  forceps  will  be  found  convenient 
for  applying  the  thin  glass  cover  after  the  preparation  has  been  placed 
upon  a  slide  or  in  a  cell.  A  pair  of  dissecting  forceps  is  also  required 
by  the  microscopist  One  pair  should  be  strong  with  straight  limbs,  the 
other  pair  should  be  small,  with  thin  curved  blades,  terminated  with 
somewhat  circular  ends,  and  flattened  at  the  points,  the  surfaces  slightly 
roughened.     These  forceps  are  represented  in  pi,  XIX,  fig.  8. 

Forceps  for  holding  minute  objects  under  the  microscope  are  made 
to  fix  upon  the  stage,  or  fit  on  to  the  body  of  the  instrument,  pL  XIX, 
fig.  9. 

Leaves  and  feathers  and  other  flat  objects  can  be  examined  by  being 
placed  fiat  on  a  glass  slide,  covered  or  not  covered,  or  they  may  be 
taken  up  and  placed  in  position  with  the  stage  forceps.  Mr.  James 
Smith  has  invented  a  leaf-holder,  which  may  be  useful  to  those  who 
desire  to  prosecute  particular  researches  in  this  direction  with  low 
powers.  The  instrument  in  question  is  described  in  the  "  Microscopical 
Journal"  for  July,  1866,  p.  100. 

89.  WoodeQ  ForccpB  made  of  box-wood,  with  broad  ends,  are  con- 
venient for  holding  the  glass  slides  when  hot,  as  when  cells  are  to  be 
fixed  on  with  marine  glue,  for  if  held  with  cold  metal  forceps,  the  glass 
often  cracks.  The  same  object  may  be  gained  more  simply  by  fastening 
to  the  limbs  of  an  ordinary  pair  of  forceps  pieces  cut  from  a  comracm 
cork.  Modifications  of  the  simple  spring-clips  described  in  p.  58,  may 
also  be  used  for  the  same  purpose. 


CLASS  SLIDES— THIN  GLASS.  53 

The  (tifilrrcnt  iostruments  above  referred  to  may  be  obtamed  {>ackc(l 
in  a  cAse,  of  Mr.  Collins  and  of  Mr.  Swin. 

G'au  S/iJa,  thin  G/ajs,  W<ifch-glassts,  Glass  Sltada. 

U.  riMc  «!•«■  siM«8,  the  edges  of  which  have  been  properly 
and  fiolished,  nuy  l>c  obuiied  ready  for  use,  at  six  shillings  per 
gro««,  or  diey  muiy  be  easily  cut  out  with  the  diamond,  and  the  edges 
ground  un  the  grinding  slab.  The  slides  now  in  common  use  in  tbis 
country  juc  three  inches  in  length  and  one  in  breadth,  aiwl  I  cannot  too- 
itrotlgly  recommend  the  ohsenrcr  to  employ  slides  wbethei  of  metal, 
vood.  or  gUs5  of  this  size  only  for  microscopical  purposes.  The  glass 
•tides  should  always  he  made  of  thin  pbtc-glass,  and  pieces  as  clear  as 
IKMtible  shoulJ  be  selected. 

•«.  Tbia  6iaM.— .\n  object  placed  for  examination  upon  a  glass 
aUde  should  be  al<ray&  [xotecled  with  a  piece  of  thin  gloss  before  it 
b  placed  upra  the  sl3ge  of  the  microscope  for  exarain-iiion.  Thin 
^ju  now  Btcd  for  microscopical  purposes  is  called  cylinder  glass,  and 
I  beUeirc  all  or  nearly  all  that  is  used  is  manufactured  by  Messrs.  Chance, 
<>r  "  liam.     It  may  be  obtained  of  diifcrent  degrees  of  thickness. 

*I  _,  in  sheets  should  be  kept  in  fine  sawdust.  As  it  is  imperfectly 
wioealed  it  is  very  readily  broken.  When  cut  up  in  small  pieces,  it 
sfaould  be  kc])i  in  a  litdc  box,  with  a  little  powdered  starch,  wMeh 
prevents  the  pieces  being  broken,  but  great  care  must  lie  t.iken  to 
remove  the  starch  from  the  surface,  or  the  observer  will  be  continually 
<Ji»co»cring  starch  in  specimens  in  which  he  woulil  litlle  expect  to  find 
it  For  cutliny  die  thin  glass  an  instrument  termed  a  TerHiag  diamond 
IS  employed,  ind  this  is  also  used  by  some  observers  for  writing  the 
Mtsoe  of  the  preiittration  upon  the  glass  slide,  pL  XX,  fig.  8,  p.  54.  As 
a  genera!  lule,  howcv-cr,  I  think  it  better  to  write  the  name  of  the 
jpedmen  upon  a  small  label  which  can  be  gummed  to  the  glass. 

OF  CtJUKIKG  THIH   CLASS. 

The  thin  glass  is  easily  cleaned  with  the  aid  of  an  old  cambric 
handkerchief  If  the  glxss  is  excessively  thin  it  should  be  placed  upon 
«  pod  of  clean  writing  paper.  The  thin  glass  being  firmly  kept  in 
contact  wilb  the  paper  by  pressing  firmly  with  the  finger  of  one  hand, 
il  is  caidtilly  wiped  n-ilh  ibe  handkerchief,  a  fold  of  which  is  twisted 
taaoA  the  index  finger  of  the  other.  The  piece  of  glass  is  next  t^jmed 
n      *  :         ■    wii)ed  in  the  same  manner.    It  is  then  taken 

nj>  t  -il  upon  and  placed  over  the  spei^inien. 

Ciasi  Cc'/s  are  described  in  §§  134  to  135.  Ordinary  thin  glass  of 
^^■:  '   -■        j(  thickness,  and  already  cut  into  sijuarc!)  and  circles, 

n- .  i  J  of  .Messrs.   Claudet  and  Houghlun,  Hiyh  Holborn, 

For  the  vcT)'  high  powers  the  tlunncst  pieces  must  be  selected  from  a 
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considerable  quantity.     Messrs.   Ponell  and  Lealaad  supply  the  thin 
glass  for  use  with  their  twentj-fiflh.     Set  Part  VI. 

Brass  cells  and  tin  cells  are  referred  to  in  §  i  ift. 

SS.  wtmMtM  fiiuan  of  various  sizes  should  be  kept  by  every  observer, 
as  they  are  convenient  for  inany  pur|>oses.  Tltey  cost  about  a  shjllti^ 
per  dozen,  and  may  be  obtained  of  (he  watch-maVeis.  The  lunette 
glasses  arc  useful  for  examining  substances  in  fluids  with  low  powers,  as 
in  these  we  are  enabled  to  obtain  a  considerable  extent  of  flind  of  nearly 
uniform  depth. 

'ITie  little  porcelain  moulds  in  which  moisi  colours  are  kept,  and  the 
tittle  circular  and  oval  shallow  dishes,  used  by  the  artist's  colourrnen, 
will  be  found  very  useful  for  receiving  microscopical  spedmens  while 
soaking  in  \-arious  solutions  prior  to  examination  or  mounting.  Thqr 
may  be  covered  by  circular  pieces  of  glass. 

S4.  tiiass  skKam.— Every  microscopist  should  be  provided  with 
from  six  to  twelve  smalt  gtass  shades  from  two  to  four  or  five  inches  in 
diameter,  to  protect  objects  from  the  dust  which  are  being  mounted. 
The  cheap  slightly  grem  propagating  glasses,  now  commonly  sold  at  all 
the  glass  shade  shops,  arc  most  convenient  for  this  purpose.  They  cost 
from  3^.  to  5J.    These  shades  are  figured  in  ])1.  XX,  fig.  i. 

Glass  slides,  thin  glass  and  watch-glasses  are  included  in  some  of 
the  cases  of  instruments  and  apparatus  sold  by  many  of  the  microscope 
makers. 

VA&NISHES,   CEMENTS,   AND   MARINE    CLUE. 

The  chief  cements  employed  in  microscopical  work,  are  G^d  tw, 
Sfo/iiig-wax  tttmish,  Soiution  of  sMl-iae,  Soiution  of  aspfta/l,  Marine 
gluf,  Canada  baUam,  Gum  Damar  in  litnso!.  Gum,  and  a  J-'rench  ament 
comjvoscd  of  lime  and  India-rubber.  These  cements  are  used  for 
attaching  the  glass  cell  lo  the  glass  slide,  for  fixing  the  cover  upon  the 
j>rcpanition  after  it  has  been  properly  placed  in  the  cell,  and  for  other 
purposes.  The  liquid  cements  should  be  kept  in  widt-mouthed  bottles, 
or  in  cap|)cd  bottles,  fig.  2,  pL  XX,  p.  54,  or  in  pots  with  tin  or  brass 
covers,  pi.  XXIV,  fig.  i,  p.  88. 

VI.  cioi«  siae  is  prepared  by  melting  together  gum  animi,  botled 
linseed  oil,  red  lead,  litharge,  sulphate  of  zinc,  and  turpentine.  Gold 
size  adapted  for  microscopical  purposes  may  be  alsu  prcfurcd  as  fol- 
lows : — 35  parts  of  linseed  oil  are  to  he  boiled  with  one  part  of  red 
lead,  and  a  third  part  as  much  umber,  for  three  hours.  The  clear  fluid 
is  to  be  poured  off  and  mixed  with  ciiual  parts  of  white  lead  and  yellow 
iHihre,  which  have  been  previously  well  pounded.  This  is  to  be  added 
ill  small  successive  portions,  and  well  mixed ;  the  whole  is  then  again 
to  be  well  boiled,  and  the  dear  fluid  poured  off  for  use.  In  this  country 
gold  Biie  may  be  obtained  of  any  vainish  maker. 


■rBUov.wKK  TiipaUk  ii  easily  mode  hj  dissolving  the  best 
vraji  of  any  colour,  in  tolerably  strong  alcohol.  This  cement  is, 
r,  apt  to  dry  rather  brittle,  and  should  not,  therefore,  be  used  in 
oics  where  it  is  of  the  greatest  importance  to  keep  the  cell  perfectly 
jff^^l.  It  Tonns,  however,  a  good  varnish  for  the  last  cooL  Various 
(oloun  may  be  kept  according  to  taste. 

fl«.  Batutian  af  Riieu-iM  IS  a  vciy  good  Cement  for  fixing  down  the 
ihin  glu*^  cover.  It  is  made  by  dissolving  shell-lac  in  spirits  of  wine. 
Tbe  shcU>Utc  -^liould  be  broken  in  small  pieces,  placed  in  a  bottle  with 
ibe  spirit,  and  frequently  sh.i)cen,  until  a  thick  solution  is  obtained. 

Stir*  Crmatt. — A  good  cement  for  sjiecimens  immersed  in  glycerine 
B  sold  by  Me&srs.  Bell,  chenmts,  Oxford-street.  This,  I  believe,  was 
gogiaally  suggested  by  Mr.  Tomes,  but  I  do  not  know  its  exact  com- 
pisitiaiL     It  appears  to  contain  shcll-lac  and  gold  size. 

*Q.  Munar  t'eoieBt. — ^This  is  made  by  dissolving  gum  Damar  in 
BcfuoU  and  is  applied  with  a  brush.  -  It  Is  one  of  the  best  cements, 
opecialiy  when  gl)xenne  is  used  as  the  preservative  Huid. 

•I.  Brtuuwick  BUeh. — Solution  of  asphalt  lo  tur|>entine  cotnmcHdy 
koown  by  the  name  of  Brunswick  black,  may  be  obtained  at  any  oil- 
(tiop,  and  fomis  a  roost  useful  cement,  both  for  making  very  thin  cells, 
{$  1 16),  and  also  for  fixing  on  the  thin  glass  covers.  If  a  Hnle  solutioa 
of  Indb-nthber  in  mineral  naphtha  be  added  to  it,  there  is  no  danger 
oT  the  cement  cracking  when  dry.  For  this  hint  I  have  to  thank  my 
HeBd,  Mr.  Brooke.  1  have  many  preparations  which  have  been 
cefDoited  with  Bniiis\^'ick  bUck  which  have  kept  well  for  upwards  of 
twcoty  yean.  It  is  always  desirable,  however,  to  paint  on  a  new  layer 
fnn  tune  to  time,  perhaps  once  in  twelve  months. 

Common  Brunswick    black  is  made  by  melting  one  pound  of  as- 

pbsltuto.  and  then  adding  half  a  pound  of  linseed  oil,  and  a  (|uart  of 

oil  of  tmpcntine.    The  best  Brunswick  black  is  prepared  by  boiling 

l<iag(ilkeT  a  quarter  of  a  pound  of  foreign  asphaltum,  and  four  and  a 

itner  ounces  of  linseed  oil,  which  has  been  previously  boiled  with 

IttUan  ounce  of  litharge  nntil  quite  string)' ;  the  mass  ta  then  mixed 

vttb  lulf  a  pint  of  oil  of  turpentine,  or  as  mucti  as  may  be  required 

19  make  it  of  a  proper  consistence.     It  is  often  improved  by  being 

lUdened  with  tamp  black.     It  must  be  remembered  that  this  cement 

inotaWc  in  oil  of  turpentine.     Dr.  F.ulenstcin,  of  Stuttgart,  finds  that 

equl  parts  of  Brunswick  black  and  gold  size  with  a  very  little  Canada 

balsun  forms  a  good  lasting  cement,  which  does  not  crack  or  contract 

tl.  ■utae  Slac. — This  substance  was,  I  iKlievc,    first   used    for 

nncroscopical  purposes  by  Dr.  Goadby,   of  Philadelphia.    It  is  pre- 

pued  by  dissolving,  separately,  equal  parts  of  sheli-lac  and  India-rubber, 

in  coal   or    mineral    naphtha,   and    afterwards    mixing   tlie  solutions 

tlwroaghly  with  the  application  of  beat     It  may  be  rendered  thinner 
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by  ^e  addition  of  more  naphtha.  Maiineglue  Is  dissolved  by  oaphflu, 
ether,  and  solution  of  potash.  It  is  preserved  well  in  a  tin  box.  The 
manner  of  using  marine  glue  and  the  different  cements  I  have  alluded 
to  is  described  in  §§  1 16,  133. 

•3.   Cement  fiur  ■ttadilm'  Ontta  Percks  ar  InAla-mkbCF  t*  tke 
Gius  sudei. — A  cement  for  attaching  cells  of  gutta  percha  or  Indiar 
rubber  to  the  glass   slide  may  be  made  as  follows : — According  to 
Harting,  gutta  percha  is  to  be  cut  into  very  small  pieces  and  sUired,  a^ 
a  gentle  heat,  with  fifteen  parts  of  oil  of  turpentine ;  the  gritty,  in — 
soluble  matter,  which  the  gutta  percha  always  contains,  is  to  be  sepaL<~ 
rated  by  straining  through  linen  cloth,  and  then  one  part  of  shell-lac  19 
to  be  added  to  the  solution,  kept  at  a  gentle  heat,  and  occasi<Hial1^ 
stirred.    The  mixture  is  to  be  kept  hot  until  a  drop,  when  allowed  to 
fall  upon  a  cool  surface,  becomes  tolerably  hard.    When  required  for 
use,  the  mixture  is  to  be  heated,  and  a  small  quantity  placed  upon  the 
slide  upon  which  the  cell  is  to  be  fixed ;  the  slide  itself  is  then  to  be 
heated. 

04.  Caaada  BalBam,  a  thick  viscid  oleo-resin,  which  becomes  softer 
on  the  application  of  a  gentle  heat,  is  much  employed  by  microscopical 
observers  :  formerly  it  was  used  for  cementing  cells  together,  but  this  is 
now  effected  more  readily  by  the  aid  of  marine  glue.    If  it  be  exposed 
to  too  high  a  temperature,  the  volatile  oil  is  expelled,  and  a  hard  brittle 
resin  remains  behind.     It  is  chiefly  employed  for  mounting  hard  dense 
textures ;  and,  in  consequence  uf  its  great  power  of  penetrating,  and  its 
highly  refracting  properties,  the  structure  of  many  substances,  which 
cannot  be  made  out  by  the  ordinary  mode  of  examination,  is  rendered 
manifest  by  this  medium.     Canada  balsam  should  be  preserved  in  a  tin 
box,  fig.  I,  pi.  XXIV,  p.  88,  care  being  taken  to  exclude  the  dust ;  w  in 
a  bottle  having  a  cap  to  it.    The  balsam  should  be  kept  very  clean, 
otherwise  preparations  mounted  in  it  will  be  spoilt  by  the  accidental  in- 
troduction of  foreign  bodies.     It  has  been  frequently  recommended  that 
the  oldest  specimens  of  balsam  should  alone  be  employed  for  micro- 
scopical preparations.     By  exposure  to  the  air,  the  balsam  becomes  veiy 
thick,  and  unfit  for  use  :  it  may,  however,  be  thinned  by  the  addition  of 
turpentine,  ether,  or  chloroform.    Turpentine  is  apt  to  render  the  balsam 
liable  to  become  streaky  some  time  after  the  preparation  has  been 
mounted,  and  bubbles  are  not  unfrequently  formed  in  it. 

Vessels  for  Keeping  Canada  Balsam  in. — The  tubes,  made  of  thick 
tin-foil,  used  for  artists'  colours,  with  a  small  cap  that  screws  on  to  the 
top,  as  suggested  by  Mr.  Suffolk,  are  very  convenient  receptacles  for  the 
preservation  of  Canada  balsam.  As  they  contain  no  space  for  air,  the 
balsam  does  not  become  hard  and  unmanageable,  as  is  too  often  the 
case  when  it  is  kept  in  bottles  or  tin  pots.  There  is  no  necessity  for 
using  a  glass  or  metal  rod,  as  the  quantity  of  balsam  required  can 
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1^  be  forced  ouc  without  (he  sligiiicst  difficulty.    Oiber  cements 

varnishes  can  be  kept  in  the  tin  lubes  also  for  any  length  of  lime. 

]3   .15  nrcll.  howev-cr,  to  keep  them  in  an  upright  position,  to  prevent 

''.  from  runnuif  iulo  the  tluead  of  the  «;rew,  and  so  fixing;  the 

tiAj  Ui^hilf. 

B4klutiiMi«  mt  Csiuuta  Uml»nm. — Canada,  baham  is   soluble  in 

[her.  liul  the  beat  solvent  for  it  is  chKjti^onn.     Many  very  delicate 

gyyiaazs  may  be  mounted  in  Canada  ba)f»m,  by  iimmcrMng  ihcm  in  a 

Jilorofonn  wlution.    Sufficient  chloroform  is  added  to  make;  a  solu- 

Ijontltsl  vill  run  freely.    Aa  the  chloniform  cv.-iiionites  the  l)als:iro  be- 

cjjnm  more  viscid  and  gradually  gel£  bard.     Solutions  of  Canada  balsam 

tp^  dikuulorm  are  now  much  used  for  mounling  dUTcreut  juris  of  in- 

fcd),  vaiioos  lissoest  geological  and  mineralogical    specimens,  and 

riini  iiliiecU  of  general  ituerest    Mr.  iiepworth,  of  Croft's  Bank,  was 

L  fiiU  to  Uica  solution  of  Canada  balsam  in  chloroform  for 

"    -<!ts.     Mr.  W.  H.  Heys  ("  Trans.  Uic  Soc,"  Jan.,  1865.  p. 

„ .   .   :      :>ie  solutioQ  as  follows.     Old  balsam  is  mixed  with  &ufli- 

mt  dlorofurm  to  make  it  quite  fluid  so  that  it  n-ill  drop  easily  from 

lisliliuf  the  vessel  containing  it    Tlie  prepared  balsani  is  then  poured 

ntlokag  thin  half-ounce  phials,  corked  up,  and  set  a^de  fur  at  least  a 

mxA    The  balsam  thas   preixin^J  is  clearer  and   si^ts  much   more 

ipLtij  tUn  if  mixed  with  the  chloroform  at  the  time  it  is  required  for 

ue.  A  solution  of  balsam  in  Benzol  is  referred  to  on  p.  90. 

H.  Immvrnirnt*  fnr  prtMluc  ilnwn  Me  Thla  «Uu  cover  nklle 

lit  itUKB  nr  CcsffBi  la  becanUnit  hnnl.^ — Some  specimens  which  are 

mnnce  lcs<>  elastic,  immersed  in  Canada  bal:>ain,  gelatin,  and  other 

{uirc  firm  pressure  to  be  maintained  upon  llic  thin  glass  until 

:ti  or  the  cement  by  whicli  it  is  attached  to  Uie  blidc  s^iall  have 

J.    Many  specimens  immened  in  fluids  require  to  be  made 

nd  more    transparent  by  being  subjected  to  moderate,    but 

(ircs»ure,  while  the  cement  in  which  they  are  embodied  or  that 

.  the  thin  glass  cover  is  fixed  down  gradually  bcconies  dry  and 

'.Mi.   Dihcr  specimens  re([uirc  very  firm  pressure  while  the  process  of 

<lr)ag  goes  on.    Several  methods  have  been  devised  for  producing 

ftBHirc  and  for  maintaining  it  in  umfurmity.    A  ver>'  sirajile  plan  is  to 

"    *  '  :  of  wood,  about  an  inch  in  height,  upon  the  cover. 

'  m  its  jjlace  by  passing  a  pie<:e  of  llircad  over  it,  and 

liDf  It  at  the  back  of  the  slide;  or  the  wood  may  be  kept   in  its 

;'"'''-:.'■'  '     -!;t^d  India-rubber  ring.     Ordinarj'  weights  may  also 

4)  arranged  as  in  the   ingenious  apjuratus  devised 

in  Mt  t^nrham.     My  friend,  Mr.  White,  has  also  suggested  a  very 

-i-.r-  -nd  effective  apparatus  for  the  same  purpose.     It  consists  of  a 

.',  which,  by  acting  upou  a  screw,  can  be  forced  down  upon 

Lx  tiaa  gloss  with  the  amount  of  pressure  re<],uiced.    Another  foim 
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of  iaatnimenl,  with  a  graduated  spring,  was  designed  by  the  Rev.  G- 
Isbdl,  pL  XXIV,  fig.  2,  p.  88.  The  comprcssorium  may  also  be  em- 
ployed for  the  same  purpose,  if  a  small  piece  of  cork  be  inserted  be- 
tween the  thin  gliss  to  which  the  pressure  is  to  be  applied,  and  the  gbss 
of  ihe  comprcssorium  itself. 

Mr.  Hoblyn,  of  Bath  ("  Archives  of  Medicine,"  vol.  Ill,  p.  140).  ha« 
dcvisci]  an  ingenious  apparatus  for  the  same  puqioHC.  Id  this  instiu- 
luent,  a  uuraber  of*  slides  nuy  be  placed  at  the  same  time,  and  a  gradu- 
ated pressure  exerted  upon  each  of  them,  pi.  \X.  fig.  10,  p.  54. 

The  above  pieces  of  apparatus  have  however  been  8u[)erseded  by 
the  use  of  the  simple  spring  clip  devised  by  Dr.  Maddox  ("  Trans.  Mic. 
Soc,"  July,  1865,  p.  84).  This  is  made  by  bending  a  piece  of  brass 
wire  in  the  form  represented  in  pi.  XX,  fig.  3.  The  end  which  is  to 
{jTcss  u{K>n  the  ihin  gloss  must  be  filed  perfectly  flat,  or  a  piece  of  Sat 
cork  nuy  be  fi.\ed  to  it.  Or,  in  cases  where  llie  glass  cover  is  veiy  thin, 
a  smaller  piece  of  thicker  glass  may  be  placed  upon  it  and  the  spring 
allowcil  to  prvss  upon  the  latter.  This  clip  has  been  modiScd  by 
Mr.  Webb,  as  represented  in  pL  XX,  p.  54,  fig.  4.  These  clips  may  be 
obtained  at  is.  6</.  and  is.  per  dozen  of  Mr.  Baker,  Holbom,  and  of 
Mr.  Swift,  University  Slreet- 

.\no(her  very  simple  andefficient  spring  clip  was  suggested  by  Dr.  T. 
F.  .Mien,  of  New  York.  This  was  made  of  a  piece  of  ordinary  watch 
spring,  bent  in  a  spirit  lamp  in  the  form  of  a  hoop,  so  that  a  small 
portion  of  one  end  would  press  gendy  on  the  cover,  the  other  on  the 
under  surCice  of  the  glass  slide.  A  number  of  such  springs  nuy  be 
made  out  of  any  oKl  watch  spring. 

»T  tinm. — I'hick  gum-water  will  be  found  very  useful  for  attaching 
labels  to  preparations,  and  also  for  fixing  on  the  thin  glass  cover  when 
jireiKiritions  are  mounted  in  the  dr)-  way.  It  is  prepared  by  placing 
common  gum-arabic  in  cold  water,  and  keeping  the  bottle  tn  a  warn 
|ilace  until  the  solution  has  become  sufficiendy  thick.  It  should  always 
be  strained  before  it  is  placed  in  the  bottle  for  use. 

Uumwatcr,  thickened  with  powdered  starch  or  whiting,  is  a  very 
useful  cement  for  attaching  the  glass  cover  in  the  case  of  prepanttioiu 
mounted  dry  When  dr>-  it  forms  a  Hard  while  coating.  The  addition 
of  a  little  orsenious  acid  will  prevent  the  growth  of  mildew.  Anotba 
very  convenient  solution  \i  nude  by  dissolving  powdered  gum  in  a  weak 
•olution  of  acetic  acid 

••.  FiiBi>  OHicsi  CMVMM  tt  itmt  «■«  ittdte-rwkkcr. — ^The 
French  cement  composed  of  lime  and  India-rubber  is  very  t^uable  far 
UMMWins  all  luge  microscopical  lYcparatKuis.  The  pnodpal  ad* 
vantages  are,  that  it  nercr  becomes  perfectly  hard,  and  it  therefore  per- 
mits coasidefable  aheraiion  to  take  place,  umkr  the  tnOucncc  of  vary- 
ing teraperatUR,  la  the  fluid  cootaintd  ia  the  cdl  without  ih«  cntiaiKe 
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d  lir.    Ii  also  adheres  very  intimaioly  to  glass,  even  though  it  be  per- 
Jcctlr  smooth  and  ungrouod. 

If  A  gU»  cover  is  to  be  attached  to  a  laige  celt  containing  fluid, 

ft  asf  proceed  as  ibUows : — A  small  piece  of  the  cement  is  to  be 

between  the  finger  and  tJiumb  »nd  carefuUy  rolled  round  until  it 

tlnwn  out  into  a  thread  about  ihc  eighdi  or  tenth  of  an  inch  in 

tjiidflos.     This  is  tt|>plicd  to  the  top  of  the  cell,  before  any  of  the  tluid 

AODuduced.    The  cement  is  to  be  slightly  pressed  down  with  the 

b^B  previously  moistened.     It  will  adhere  intimiitcly.     The  prcserva- 

tn^BiO  «rith  the  jTcpaTation  are  now  introduced  and  the  cell  filled 

villi  Bitid  which  indeed  is  allowed  to  rise  tip  slightly  above  its  walls. 

Iltiku  cover,  cut  rather  sraaltcr  than  the  external  dimensions  of  the 

nil,  ifld  slJghUy  roughened  at  the  edges,  is  to  be  gently  breathed  upon. 

Ok  edge  tt  tJien  to  be  a])i}Hed  to  the  cement,  so  that  it  may  be  allowed 

to  EiS gradually  uj>on  the  siii£ace  of  the  liquid  which   is  now  seen  to 

Modi  part  of  the  cover  successively,  until  it  completely  covers  the 

(d.ad  a  certain  quantity  of  the  superfluous  fiuid  is  pressed  out    By 

Ibtsid  of  any  pointed  instrument  a  very  Uttle  cement  is  removed  from 

(Miatl.  W)  that  more  fluid  may  escape  as  the  cover  is  pressed  down 

piij  lolo  the  cement.     The  pressure  must  be  removed  ver>'  gradually, 

ttiir,a( course,  will  enter  through  the  hole.     A  bubble  of  air  entering 

IB  ite  manner  may  often  be  expelled  aj^in  by  prcss»irc,  or  it  may  be 

lino  oia  by  forcing  In  more  fluid  liuuugh  a  very  fine  syringe  at 

tacAa  put  of  the  cell ;  but  it  is  far  belter  to  prevent  the  entrance  of 

airiatbe  Arst  instance.     The  edge  of  the  glass  cover  being  thoroughly 

oabaldeit  in  the  cement,  the  small  hole  is  to  be  c:irefully  plugged  up 

^  1  UDoQ  [riece  of  cement,  and  the  cell  allowed  lo  sLnnd  perfectly  still 

firi nan  time,  when  it  may  be  very  gently  uiped  with  a  soft  cloth. 

Vk  t(ig«  of  the  cement  may  be  smoothed  by  the  application  of  a 

Ti  wire,  and  any  superabundance  removed  with  a  sharp  knife. 

.-.  U.LC  isrunswidc  black  or  odicr  liquid  cement  may  be  applied  to  the 

t/tfti,  for  the  purpose  of  giving  the  whole  a  neater  appearance. 

I  emcnt  is  made  as  follows : — A  ccrtiin  (|uanlity  of  India- 
.-:-^  Araijs  h  carefully  melted  over  a  slow  fire,  in  a  covered  iron  pot. 
IV  UK  most  not  be  permitted  to  catch  light  When  ic  is  quite  Huid, 
i  perfectly  fine  itowdcr,  having  been  lilakcd  by  exposure  to  tlie 
-  .J  Lic  added  by  small  quantities  at  a  time,  the  mixture  being  well 
iUithI  Wh«n  moderately  thick,  it  is  removed  from  the  fire  and  well 
haien  b  a  mortar  and  moulded  in  the  hands  until  of  the  consistence 
tfpity.  It  may  be  coloured  by  the  addition  of  vermilion  or'oiher 
tokniring  matter.  1  have  several  preparations  which  have  been  placed 
m  Ae  creosote  and  naphtha  solution  In  large  cells,  and  they  are  now 
\»^K^  air-ti^>ht,  although  upwards  of  twenty  years  have  elapsed  since 
tUi  wee  drsl  put  tip.    The  lime  and  iDdia-iubbcr  cement  answers  well 
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for  fixing  on  the  glass  tops  of  large  preparation  jars,  and  looks  v^^ 
neat ;  but,  if  moderately  strong  spirit  be  used,  a  little  air  must  be  p^£r< 
mitted  to  remain  in  the  jar. 

As  cements  are  required  in  different  investigations   for  mak&y^ 
apparatus  of  various  kinds,  and  for  other  purposes,  I  venture  to   >^ 
publish  the  following  receipts,   which  have  been  taken  from  "Xlie 
Journal  of  Applied  Chemistry,"  though  few  may  be  required  by  micio. 
scopists. 

•8*.  Other  ccmenu. — A  good  rubber  cement  may  be  prepared  hf 
dissolving  one  part  India-rubber  in  two  parts  linseed  oil,  and  adding  to 
the  solution  a  sufficient  quantity  of  bole,  say,  about  three  parts. 

For  amber  and  tortoiseshell,  a  cement  was  made  by  mixing  togetbcr 
equal  parts  of  mastic  and  linseed  oil,  and  warming  gendy.   This  ccntcBt  ■ 
should  be  used  warm. 

To  unite  wood  to  wood^  a  thick  solution  of  shell-lac  in  alcohol  uaf 
be  used.  It  is  well  to  put  a  piece  of  fine  gauze  or  crape  between  the 
broken  surfaces  of  wood,  and  then  press  them  tightly  together  until  the 
cement  becomes  perfectly  firm.  Another  good,  durable  cement  for 
woodwork  is  made  by  fusing  together  shell-lac,  mastic,  and  coauooB 
turpentine,  and  adding  some  broken  isinglass. 

For  attaching  small  objects  to  anything  turned,  a  mixture  of  colo- 
phonium,  turpentine,  and  yellow  wax,  with  the  addition  of  a  litde 
pulverized  sealing-wax,  answers  nicely.  The  cement  sets  quickly  utA 
holds  well. 

To  fasten  knives  and  forks  in  silver  handles,  a  mixture  of  two  paitt 
of  melted  black  pitch  and  one  part  of  fine  brick-dust  may  be  used.  It 
must  be  used  warm. 

A  varnish  or  cement  to  protect  wood  from  the  action  of  mineral 
acids,  alkalies  and  corrosive  gases,  like  chlorine,  is  made  from  six  parts 
of  colophonium  and  three  parts  of  wood  tar  by  heating  together  in  an 
iron  kettle  on  a  furnace  in  the  open  air,  and  then  stirring  in  four  paits 
of  fine  brick-dust    The  varnish  is  applied  with  a  brush  while  warm. 

An  excellent  cement  for  glass  is  made  by  dissolving  one  part  India- 
rubber  in  sixty  parts  of  chloroform,  then  adding  thirty-four  of  mastic^ 
and  letting  it  digest  for  a  week  at  a  gentle  heat  This  cement  is  also 
applied  with  a  brush,  and  is  especially  distinguished  by  its  trans- 
parency. 

Another  cement  for  glass  and  porcelain  is  made  by  digesting  small 
pieces  of  isinglass  in  sixteen  times  their  weight  of  water  for  twenty-four 
hours!  T^e  solution  is  evaporated  to  one-half,  strained,  and,  while  still 
hot,  eight  parts  of  alcohol  added,  and  at  the  same  time  a  solution  of 
one  part  mastic  in  six  parts  warm  alcohol  One  half-part  of  finely- 
powdered  gum  ammoniac  is  triturated  in  the  warm  solution  until  the 
Tirhole  mass  is  homogeneous.    When  used,  both  the  cement  and  the 
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gbjcct  to  he  mended  are  wanned.  This  cement  is  highly  recommeDded 
iy  its  adbcsivc  qualities. 

GhttanJ  Gum  Cemtnh. — These  are  very  tenacious  and  wetl  adapted 
farnniiim^  oriMincDis.     Tliey  resist  the  miction  of  w^tcr  and  the  atmos- 
pbflc.    There  are  various  kinds  of  lh«e    cements   for  bone,   ivory, 
ticbonc,  mother-of-pearl  and  preciuns  stones. 

of  them  is  made  by  dissolving  two  parts  Isinglass  and  four 

oalotiriess  glue  tn  sixty  pans  water,  evaporated  to  half  its  volume, 

loddmg  i^th  put  mastic  dissolved  in  one  part  alcohol,  and  stirring 

am  pans  anc  white.    The  surfaces  arc  warmed  when  ibe  ccroent  is 

lu  tbirm.    'Iliis  ccniL-ni  lioliU  well,  dries  easily,  and  may  be 

I  long  time  in  tightly  corked  bottle^. 

For  tionc,  iroty,  whalebone,  mothcr-orpearl,  Ac,  a  cement  with  a 

'I  gloss  may  be  prepared  as  follows: — Soak  common  cabinet.. 

^oe  in  hoi  water,  warm  the  jelly  fiMmed,  add  enough  pul- 

wralenl  &ladied  lime  to  give  it  consistency.    Warm  the  object  to  be 

centented,  clean  the  surfaces  carefully,  apply  the  cement  and  tic  the 

parts  firmly  together.     In  a  few  days  it  (jcis  very  hard.     Even  common 

jfloe,  with  inilverized  chalk  stirred  in,  makes  an  excellent  cement  for 

and  metals, 

fawcning  leather  to  metal,  Oie  metal  shonid  be  coated  with  a 

[Yior  of  glue,  and  the  leather  with  a  hot  extract  of  nut  galls. 

lAli^...  ........  lo  dry  quiedy,  and  they  adlierc  well 

For  [KTcelain,  the  well-known  white-of-egg  cement  is  best.  To 
irc  this  ii  is  only  necessary  to  stir  the  white  of  eggs  into  quite  a  aiff 
lution  of  glue,  and  then  apply  to  the  fracture. 
A  cemeoi  of  gum  for  porcelain  is  made  by  pulverising  four  parts  of 
shells  and  mixing  intimately  with  two  parts  pulverized  gum 
llie  ]>uwder  Is  kept  in  a  well-stoppered  bottle,  and  when  needed 
asc  is  Tublied  up  with  white  of  egg,  or  warm  water,  lo  a  thick  dough, 
|«p(rfkd  to  the  object  and  dried  by  a  gende  heat.  .Another  ct-mcnt  for 
I^SM  and  porcelain  is  made  from  eight  p.ins  wcll-bunii  puiver/ed 
[alabaster  gypsum  and  two  parts  6nc  gum  arabtc,  mixed  with  water  lo  a 
pssle.  and  forty  to  liAy  drops  of  oil  of  tunientine  added  to  on 
of  the  cement. 
CtmtMix  caniaining  Castia. — For  gla.ss,  porcelain,  stone,and  wood,  the 
best  cement  is  made  of  a  suitable  quantity  of  old  cheese,  rubbed 
and  mixed  wttli  water  to  a  thick  tnagma,  and  a  fourth  part  of 
'pulverized  lime  added. 

1    .-  ___j.r  cement  for  the  same  purpose  is  made  by  slaking  one 

po'.  ^iie  in  water,  and  mixing  with  thrce-<|uarters  of  a  pound 

of  ftneijr  powdered  lime  or  sandstone  and  one  potmtl  pulverized  cheese. 

Bctbre  using,  it  is  welt  to  moisten  the  fracture  or  edi;es  with  warm  water. 

A  M>-called   casein  water-glass  ta  tnadc  as  follows: — ^The  casein 
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of  skimmed  milk  is  separated  from  it  by  the  addirion  of  acetic  ad^* 
filtered,  and  the  acid  washed  out  with  water.  The  pure  ca.%tn  ih 
obtained  is  mixed  with  ^x  times  its  volume  of  concentrated  soluiioa  ^ 
casein  in  water.  This  cement  is  thoroughly  commendable,  and  v^| 
repays  tlie  trouble  taken  to  make  it. 

An  excellent  cement  for  aitificial  meerschaum,  and  one  that  may  1|^ 
used  to  give  consistency  to  silk  goods  or  to  coat  artificial  flowcn  and 
court  plaster,  to  give  more  adhesiveness  and  firmness,  is  made ' 
bing  two  lo  four  parts  of  the  above  casein  wiih  cold  borax  solutii'i 
thick  liquid  is  obtained  that  becomes  dear  on  standing.    This  alio 
renders  goods  waterproof. 

IVaiergiasj   Ctmenis. — For  glass,  earthenware,   porcelain,  and 
kinds  of  stoneware,  tliese  cements  are  excellent.    A  cement  for 
and  marble  is  prepared  by  rubbing  tt^tber  one  part  of  fine  pul 
gUss  and  two  i>arts  of  pulverized  lluorsixir,  and  then  adding  eni 
water-glasK  solution  to  give  it  the  consistcncj-  necessary  in  a  cement. 

Watcpglass  mixed  with  hydraulic  cement  to  a  thick  dough  makes  i 
good  cement  for  the  edges  and  jcwnts  of  stone  and  marble  slabs.  It  s 
well  to  mix  but  little  at  a  time,  as  it  hardens  vcr)'  quickly. 

lAtm,  Gyfimm,  Clay,  and  Cement,  mixed  leitA  IVa/er,  Oil  or  J3iood,— 
For  cementing  stone  and  for  filling  crevices  in  buildings,  before  they  are 
painted,  llie  masons  use  a  cement  made  of  fresh  blood,  slaked  lime, 
brick-dust,  broken  up  coal  ashes,  bamuierslag,  and  sand,  in  all  propor- 
tions. This  excellent  cement  hardens  quickly,  and  offers  great  rcs^ 
tance  to  the  action  of  the  weather. 

A  lime  cement  for  connecting  water  pipes,  bathing  tabs,  &c,  ft 
mixture  of  two-thirds  fine  brick-dust,  two-thirds  unslaketl  lirac,  and  two- 
thirds  hammeislag,  is  made  and  stirred  up  with  l)-e  or  hot  oil  lo  a  atiff 
dough. 

Another  cement,  intended  to  render  Hessian  clay  retorts  impene- 
trable, is  obtained  by  rubbing  fresJily  slaked  lime  into  a  conceotraied 
solution  of  borax.  Tlie  solution  is  applied  with  a  stiff  brush  and  allowed 
to  dry,  after  which  it  is  heated  until  the  glaring  begins  to  fuse. 

Clay  mixed  with  water  and  fresh  warm  blood,  containing  some  un> 
slaked  lime,  is  used  in  Germany  to  close  joints  in  stoves.  The  cement 
is  ap]>lied  while  the  stove  Ls  hot.  Wood  ashes,  fire  clay,  and  salt,  mixed 
with  water,  is  used  for  the  same  purpose.  Fat  and  burnt  day,  in  equal 
proportions,  moulded  with  water  into  a  dough,  is  also  used. 

Plaster  of  Parts,  mixed  with  water  and  a  cold  solution  of  alum,  is  aa 
excellent  cement  for  stoneware.   It  sets  slowly,  but  becomes  hard  as  stonc- 

Oii  Cemtnlj. — An  excellent  oil  cement  for  porcelain  and  for  luting 
of  rctorbi,  flasks,  and  porcelain  evaporating  dishes,  is  obtained  when 
ordinary  brick-dust  is  powdered,  sifted,  and  mixwl  with  an  equal 
quantity  of  red  lead,  and  then  rubbed,  under  great  pressure,  with  old 
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boiled  linseed  oil  to  a  thick  paste,  which  is  mixed  with  coarse  sand  to 
th«  stiffness  of  cement.  When  a  dish  is  to  be  covered  with  il,  paste  is 
applied  before  the  sand  is  put  in,  and  the  sand  then  strewn  upon  II 
The  dish  is  afterwards  exposed  to  a  steady  heat  for  a  long  time. 

For  large  vessels  take  six  parts  litharge,  four  parts  fresh-bumt 
puU-erizt^d  lime,  and  two  parts  white  bole,  and  mix  with  cold  linseed  oil. 

To  fiisten  inelalUc  letters  to  a  smooth  surface  a  cement  is  made  as 
follows . — Thiny  parts  copal  varnish,  ten  parts  linseed  oil  vamish,  six 
puts  crude  oil  of  turpentine,  ten  paits  glue  dissolvud  in  a  little  warm 
water,  and  twenty  parts  pulverulent  slaked  lime.  It  is  very  pliant  and 
900O  hardens. 

To  nnitc  copper  and  sandstone  take  three  and  a  half  parts  white 
lead,  three  ports  litharge,  three  pans  bole,  and  two  parts  broken  glass, 
and  nib  up  with  two  parts  linseed  oil  vamish. 

A*  a  poliiih  for  rough  stones,  basins,  &r.,  a  paint  is  made  of  nine 
ports  of  Bncly  sifted  ami  burnt  brick-clay  and  one  part  litharge,  mixed 
■iifa  a  sufficient  quantity  of  linseed  oil. 

For  connecting  cast-iron  w.iier  pipes,  twelve  parts  Roman  cement, 
bur  parts  white  lead,  one  pan  litharge,  and  a  half  part  colophonium  arc 
pidvcrifed  and  mixed ;  from  two  and  a  half  to  three  pounds  of  the 
mixtme  is  iritiinited  with  old  linseed  oil,  in  which  is  boiled  two  ounces 
sfcolopbootum. 

Another,  for  the  same  purpose,  is  made  of  equal  parts  of  burnt  lime, 
Roman  cement,  potters'  clay,  and  clay,  separately  well  dried,  finely 
pound,  sifted,  well  mixed  and  triturated  with  linseed  oil.  Common 
lead  lote,  for  stopping  openings  in  apparatus,  is  liest  made  from  litharge 
and  red  Icatl  mixc<l  with  old  boiled  oil.  In  all  cases  the  surfaces  must 
be  dean.    These  cements  stand  well  under  water. 

As  lead  lutings  arc  somewhat  expensive,  the  following  is  recom- 
BCDded  : — ^Take  two  parts  red  lead,  five  p.\rts  white  lead,  and  6vc  parts 
«f  the  boc&t  clay,  and  mix  with  lioiled  linseed  oil. 

A  good  oil  cement  for  wood,  especially  for  antique  carvings,  is  made 
of  one  i«rt  pulverized  slaked  lime,  and  two  of  r>'e  flour,  mixed  with 
Itaseed  oil  \-amish.     It  takes  any  desired  colour  and  pnlish. 

To  make  water  holders  tight,  we  may  use  pulverized  slaked  lime 
MivcT  oil 
Rcement  to  make  chemical  apparatus  tight  can  be  prepared  from 
eil  cake  or  pressed  almood  cake  rubbed  with  water. 

MisuUaitectts  Coirnts,  6*c. — Furniture  polish: — Moisten  120  parts 
bcohirax  with  oil  of  turpentine,  and  add  7-5  parts  finely  pulverized 
i^n,  and  enough  aniline  red  to  give  the  desired  mahogany  colour. 

Oil  cement: — 100  parts  red  lead,  350  parts  white  lead,  300  pans 
]Hpe-<ity '.  mixed  with  boiled  oil. 

Water  cement:— 100  parts  slaked  lime,  190  parts  brick-dust,  160 
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parts  sand,  50  parts  blacksmiths'  dross,  50  parts  powdered  lime ;  m£^ 
with  water. 

Another : — 600  parts  iron  filings,  100  parts  ignited  sand,  100  par**^ 
powdered  slacked  lime ;  mix  with  water. 

Iron  and  blood  cement ; — 100  parts  pulverized  lime,  triturated  wl-^j, 
bullock's  blood,  290  parts  cement,  and  from  five  to  ten  parts  iron  filiii^g^ 

PRESERVATIVE  FLUIDS. 

In  all  cases  it  must  be  borne  in  mind  that  an  object  to  be  mountecf  ~ 
in  a  preservative  fluid  should  be  soaked  in  a  considerable  quantity  of  ijt 
for  at  least  a  day  before  it  is  mounted  permanently,  and  if  the  specunea 
is  large,  it  should  be  soaked  for  many  days  previous  to  being  finaOjr 
placed  in  the  cell. 

9a.  Spirit  and  Wftter. — Spirit  and  water  constitute  a  well-known' 
and  valuable  medium  for  preserving  anatomical  preparations.  In 
diluting  spirit,  distilled  water  only  should  be  employed  ;  for,  if  common 
water  be  mixed  with  spirit,  a  precipitation  of  some  of  the  salts  dissolved 
in  it  not  unfrequently  takes  place,  which  renders  the  mixture  turbtd  and 
unfit  for  use.  The  mixture  of  water  and  spirit  should  be  made  several 
days  before  h  is  required,  or  a  number  of  air  bubbles  will  adhere  to 
the  spedraen.  Proof  spirit  will  be  strong  enough  for  all  general  pur- 
poses, except  for  hardening  portions  of  the  brain  or  nervous  ^stem, 
when  stronger  spirit  must  be  used.  Two  parts  of  rectified  spirit,  aboDt 
sp.  gr.  '837,  mixed  with  one  part  pure  water,  make  a  mixture  of  sp.  gr. 
•913-920,  which  contains  about  49  per  cent,  of  real  alcohol,  and  wiD, 
therefore,  be  about  the  strength  of  proof  spirit  One  part  of  alcohol,  sii^ 
over  proof,  to  five  parts  of  water,  forms  a  mixture  of  sufficient  strength 
for  the  preservation  of  many  substances,  and  not  a  few  microscopical 
specimens  may  be  preserved  in  a  solution  more  diluted  than  this. 

For  many  years  past,  the  Government  has  pennitted  the  use  of 
methylated  alcohol  for  various  purposes  in  the  arts.  This  pays  no  duty, 
and  answers  well  for  preserving  anatomical  preparations,  and  is  a  great 
boon  to  all  engaged  in  putting  up  large  anatomical  specimens.  It  may 
be  obtained  at  the  price  of  5^.  Cd.  a  gallon,  sixty  degrees  over  proof,  of 
varnish  makers  and  most  of  the  chemists. 

ISO.  Olrccrine. — This  is  one  of  the  most  valuable  fluids  ever  em- 
ployed for  microscopical  purposes.  I  believe  Mr.  Warrington,  of 
Apothecaries'  Hall,  was  the  first  observer  who  used  glycerine  as  a  pre- 
sen'ative  medium  for  microscopical  preparations. 

A  solution  of  glycerine  adapted  for  preserving  many  structures  is 
prepared  by  mLting  equal  parts  of  glycerine  and  camphor  water.  TTie 
latter  prevents  the  development  of  mildew.  Glycerine  may  also  be 
ibixed  with  naphtha  and  water,  or  with  the  creosote  solution  described  in 
§  lOi.    The  degree  of  dilution  of  the  glycerine  will  depend  upon  the 
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natore  of  fi[>ecinien.  TT  the  sub»Unce  be  at  all  opaque  it  will  be  neces- 
sary to  employ  strong  ^ycerinc  I  have  many  prepatations  which  have 
been  preserved  in  ^yccrine  for  nearly  thirty  years.  Of  the  importance 
orstn»ig  glycerine  as  a  preservative  medium,  I  shall  have  to  speak  more 
fally  in  pan  VI.  Glycerine  may  be  mixed  with  various  chemical  tcisls 
ukI  preservative  substances,  for  special  enquiries.  Analyses  may  be 
cnnductcil  by  tbc  test  compoundii  being  dissolved  in  the  munstnium 
imtind  of  in  water.  For  preserving  medusa:  and  other  delicate  marine 
ITF"'"  Dr.  Carpenter  recommends  a  solution  composed  of  sea  water 
with  oaetentfa  of  aUahai,  and  the  same  quantity  of  gl)xcrine.  Di. 
Maddox  tells  me  that,  for  some  years  past,  he  has  been  in  the  habit  of 
luiog  equal  parts  of  sweet  spirits  of  niirc  {Sp.  Elh.  Nit  of  the  Pharma- 
copnu)  and  glycefiae,  especially  in  preparing  delicate  tissues  of  insects: 
He  finds  that  many  objects  are  rendered  very  transparent  if  soaked  tn 
this  mitiurc  before  Uiey  arc  preserved  in  glycerine. 

Tbc  best  glycerine  is  distilled  by  a  patent  process,  and  is  perfectly 
cdlooriess,  free  from  oU  imparities,  and  of  great  density.  The  sjiccilic 
gravity  of  Trice's  patent  glycerine  is  1,240,  while  the  cotiiinon  is  only 
1 196-6.  The  ittrongesc  glycerine  obtainable  \%  cryttallixed,  but  it  is  very 
eipcaevci  The  pure&t  glycerine  costs  3^.  or  .41.  a  pound,  but  good 
g^CBiBe  may  now  be  obtained  ifst  is.  6J.  per  pound. 

For  more  than  twenty  years  I  have  used  glycerine  for  preserving 
alsMBt  every  structure.  I  shall  give  the  results  of  my  most  recent 
operience  concerning  this  substance,  from  the  use  of  which  1  liave 
leizned  very  much,  in  part  VI. 

wa.  Tkwmlcc*'  noM. — This  fluid  has  been  much  employed  by 
Mr.  Thmules  (or  preserving  recent  specimens  of  desmidix,  but  it  is  also 
ajiplacaMe  to  the  preservation  of  a  vast  number  of  other  vegetable  and 
Of  animal  organisms. 

it  is  made  as  foDows : — 

Water 16  ounces. 

Spirits  of  wine     .         .         .         .         i  ounce 
Creosote,  sufficient  to  saturate  the  spirit. 
Chalk.  05  much  as  may  be  necessar)'. 

Mix  the  creosote  and  spiril,  stir  in  the  chalk  with  the  aid  of  a  pestle 
aad  mortar,  and  let  the  water  be  gradually  added.  Next  add  an  equal 
pcgpoitioo  of  water  saturated  with  camphor.  Allow  the  mixture  to 
diad  for  a  few  days,  and  fiUer.  In  attempting  to  preserve  large  prc- 
(NOtions  in  this  llutd,  1  found  that  it  always  became  turbid,  .-ind  there- 
fore wu  lc«l  to  try  several  modifications  of  it.  The  iiolution  next  to  be 
described  was  found  to  answer  very  well. 

Water  may  also  be  impregnated  with  creosote  by  distillation.  It 
tiMtUd  be  rcmuked  tiiat  M.  Strausdurkheim  has  succeeded  in  preserving 
anaul  prei^oritions  in  camphor  water  only. 
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los.  aAimfiMi  ar  XKvutkK  iui«  crcaaotc : — Creosote,  i  drachas ; 
wood  naphtha,  6  ounces;  distilled  walei,  64  ounces ;  chalk,  x%  much  as 
may  be  necessaiy.  Mix  first  the  naphtha  and  creosote,  then  add 
mach  prepared  chalk  as  nay  be  suflicicnl  to  form  a  thick  smood^ 
paste ;  aAemrartU  add,  very  gradually,  a  small  quantity  of  the  water 
which  muit  be  well  mixed  with  the  other  ingredients  in  a  mortar.  Adcj 
two  or  three  small  lumps  of  camphor,  and  allow  the  mixtun:  to  stand  n^ 
a  lightly  covered  vessel  for  a  fortnight  or  three  weeks,  with  orrasiooaj 
stirring.  The  almost  dear  supernatant  fluid  may  then  he  poured  ofFan^ 
Altered  if  necessary.  It  should  be  kept  in  weD-corked  or  stoppered 
bottles. 

I  had  some  large  preparations  which  had  been  preserved  in  opwantt 
of  a  pint  of  this  fluid,  for  nearly  twenty  years,  and  the  solution  remained 
perfectly  clear  and  colourless.  Some  dissections  of  ilie  nervous  systemf 
of  insects  have  kept  excellently;  the  nerves  retain  their  white  appear- 
artce,  and  have  not  become  brittle.  Two  or  three  morbid  spccimeu 
are  also  in  an  excellent  state  of  preservation,  the  colour  being  to  a  great 
extent  preserved,  arxl  the  sofi  character  of  the  texture  remaining.  I  had 
one  preparation  moimted  in  a  large  gntta-peicha  cetl,  containing  ncaily 
a  gallon  of  this  fluid. 

A  solution  of  wood  naphtha  or  pyroacelic  spirit  in  water,  hat  been 
lecommended  by  Professor  Quekelt,  and  forms  an  excellent  prcsemiive 
sotation.  in  the  proportion  of  one  part  of  the  naphtha  to  ten  of  water. 
The  solution  is  often  a  Uttle  cloudy,  but  may  be  made  qtiite  dear  by 
fUtration  after  the  mixture  has  been  allowed  to  stand  still  for  some  dayL 

One  great  advantage  of  these  aqueous  preser\*ativc  solutions  is  that 
the  natural  appearance  of  the  structure  is  very  slightly  altered.  Tin 
solution,  however,  after  a  lime  renders  many  of  the  more  delicate  strufr- 
turcs  more  or  less  granular.  -< 

i«8.  CMriiaiic  AcM. — A  sottition  of  carbolic  acid  in  dJsulled  water 
preserves  many  animal  and  vegetable  preparations  exceedingly  well. 
llie  n-ater  will  only  take  up  a  small  quantity  of  ordinary  carbolic  acid, 
but  the  preservative  qualities  of  the  weakest  solution  are  very  great. 
One  part  of  carbolic  acid  to  a  hundred  of  water  is  sufficient 

Perfectly  pure  carbolic  acid  is  now  made,  in  very  large  quantity,  bjr 
Messrs.  Bowdler  and  Bickcrdike,  of  Church,  Lanca.shire,  and  is  cold 
under  the  rtame  of  AhsciuU  Pfunai,  for  6/.  or  "js.  a  pound.  It  may  be 
obtained  in  large  or  small  quantities,  of  Mr.  Marchant,  Bemers  Street, 
Oxford  Street.  This  preparation  is  much  more  soluble  in  water  thaa 
the  liquid  carbolic  add.  Besides  preventing  decomposition  of  animal 
and  vegeuble  tissues,  the  phenol  effects  a  curious  change  in  the  pro- 
perties of  onlinary  water.  A  mere  trace  (less  than  one  thousandth) 
causes  the  water  to  froth,  and  to  retain  air-bubbles  in  su^»ension  far  % 
mudi  longer  time  than  they  are  retained  by  ordinary  water.    Such  very 
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Shie  solntidn  wtts  dry  surfaces  and  runs  into  minute  crevices  more 
Iftonoghty  than  common  water,  and,  at  the  same  time,  runs  off  from 
I  xuT^uxs  more  completely,  leaving  a  very  ihin  but  even  layer  of  moisture 
|«poo  die  surface.  Gbss  mav,  in  this  way,  be  perfect])-  and  uni- 
[fcifiDly  welted  wiih  water.  Drops  of  carbolic  acid  water  arc  smaller 
l^nd  less  easily  formed  than  in  the  case  of  the  same  water  without 
jcArtioIic  add.  For  these  and  other  reasons,  minute  traces  of  carbolic 
[•fid  iiiipn}vc  tnany  of  the  fluids  used  for  the  preservation  of  microsco* 
picil  specimens. 

1*4,  toittUva  of  ckromir  Arid. — A  Solution  of  chromic  acid  is  well 

adapted  for  preserving  many  microscopical  specimens.    It  is  partiwilariy 

QKHil  for  hardening  [HWtions  of  the  nervous  system  previous  to  cutting 

^  sections.    The  solution  is  prepared  by  dissolving  sufficient  of  the 

0]i9alltied  add  in  distilled  water  or  in  glycerine,  to  render  the  liquid 

cf  a  pale  straw  coloar. 

TIk;  crystallir^d  acid  may  be  prepared  by  decomposing  1 00  mca<mres 
nftuumted  solution  of  bichromate  of  potash,  by  the  addition  of  12a 
to  iiQ  nMamres  of  pure  concentrated  sulpluiric  acid.  As  the  mixture 
boBneicool,  cr^-stals  of  chromic  acid  are  deposited,  which  should  be 
dniltndwcll  pressed  on  a  porous  tile,  by  which  means  the  greater 
pottf  the  sulphuric  acid  will  be  removed,  and  the  crystals  obtained 
neiflt  {iwe. 

IH.  Pnmn  *a.tt<n  CeJatlne. — This  substance  wa<i  first  employed  for 
poorinf  microscopical   textures  by  Mr.  H.   Deane,  who  gives  the 
;  receipt,  and  directions  for  its  pre|tar3tion  : — Gelatine,  1  ounce ; 
4  nances ;  spirits  of  wine,  ^  ounce  ;  creosote,  6  drops. 
Seal  the  gdatine  in  water  until  soft,  and  to  it  add  the  honey  which 
sltta  previously  raised  to  the  boiling-point  in  another  TCSsel.     Next, 
l^emixtun:  be  boiled, and  iiicr  il  has  cooled  somewhat,  the  creosote 
I  in  the  spirits  of  wine  is  to  be  added.     Lastly,  the  mixture  is 
)l»!illcnrd  through  thirfc  flannel  to  clan^-  it. 
WVfl  rei^uircd  for  use,  the  bottle  containing  the  medium  must  be 
wzrmed,  and  a  drop  placed  on  the  preparation  upon  the  glass 
,  which  should  also  Iw  wanned  a  little.     Next,  the  glass  cover,  after 
I  been  breathed  upon,  is  to  be  laid  on  with  the  lumal  precautions. 
Sec  p.  92. 

M«.  Cdailne  aad  eijrMHne.— A  mixture  of  gelatine  and  glycerine 

oiktA  a  very  valuable  medium  for  preserving  different  animal  and 

HEtetaUe  structures,  and  supersedes  the  last  preparation.     It  may  be  pre- 

poej  as  follow* : — A  certain  tjuaniity  of  gelatine  or  isinglass  is  allowed 

loioak  for  some  time  in  cold  water,  until  it  swells  up  and  becomes 

sot     I1  is  llirn  placed  in  a  glass  vessel  and  melted  by  the  heal  of  warm 

■afcr.     It  may  be  clan6ed  if  necessary,  by  first  adding  to  the  cool 

^UtDC  a  tittle  white  of  egg,  then  boiling  the  mixture,  and  filtering 
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through  6n«  6annel.  To  this  fluid,  iin  eqail  quantity  of  stroog  glycerine 
is  added  nnd  the  two  are  well  mixed  tofrethcr  This  mixttirr  may  be 
kept  for  any  length  of  lime,  and  a  very  slight  heat  is  sufficient  to  render 
it  perfect))'  fluid.  This,  as  well  as  many  other  mixtures  csn  be  made 
most  perfectly  apon  a  large  scale,  and  I  therefore  recommend  the 
observer  to  purchase  what  he  reciuircs,  instead  of  maluitg  iL  The 
gelatine  and  glycnine,  prei>ared  by  Mr.  Kiimntngton.  operative  chontst, 
of  Bradford,  is  the  best  medium  of  the  kind  I  have  used.  It  may  be 
obtained  in  small  bottles  free  by  post  for  ts.  ^d. 

lOV.  Cub  and  Ktrcwrtne. — Mr.  Farrants  nnny  yean  ago  fugjgetfcd 
the  following  valuable  preservative  roediutn  irhJch  will  be  found  wtt^A 
for  mounting  many  objects  : — Picked  gmn-arabic,  4  ounces  by  weight ; 
distilled  water,  4  onntxs;  glycerine,  2  ounces.  The  medium  is  to  be 
kept  in  a  stoppered  Imttle  and  a  piece  of  camphor  or  a  few  drops  of 
phenol  may  be  added  to  the  solution  with  advaniage. 

108.  otHtdbr'n  fMiatiim. — lliis  is  made  of  several  diSerenl  streaf^s. 
'llui  most  genersJIy  useful  is  the  fotlomng  :— Bay  salt,  4  ounces  ;  aluffl, 
2  ounces;  corrosive  sublinunte,  4  grains;  boiling  water,  4  pints.  Mis 
atid  filler.  This  solution  for  most  purposes  may  be  diluted  with 
an  equal  bulk  or  water.  For  preserving  dclifiate  preparations  it  should 
be  even  still  more  dilute.  Goadby's  solution  used  to  be  much  employed. 
for  prcscn-ing  anatomical  specimens,  but  as  it  tends  to  render  tissues 
lurd  and  opa<]ue,  it  is  not  adapted  for  the  preservalioo  of  stmc- 
tures  which  are  to  be  examined  in  the  microscope,  and  has,  therefore, 
fallen  out  of  use  as  a  jjreseri'ative  fluid  for  microscopical  specimens. 

!••■  ■»■!«'«  seiaMvB  comi&ts  of  chloride  of  zinc,  is  a  powerful 
antiseptic,  but  itot  adapted  for  the  preservation  of  micioscopioU  sped- 
Micns. 

lie.  tliinH«r  of  calHuM.— A  saturated  aqueous  solution  of  chlo- 
ride of  calcium,  free  from  iron,  has  been  much  recommended  for  pi»« 
serving  specimens  of  bone,  hair,  teeth,  and  other  hard  suucturcs,  a 
well  as  many  vegetable  tissues  A  solution  of  chloride  of  calcium  wa^ 
Rxommcnded  by  the  late  Professor  Schroder  Van  dcr  Kolk,  of  Ulrccltf:^ 
for  keeping  sections  of  the  spitial  cord  and  preparations  of  ncr\TB. 
Many  of  these,  through  the  kindness  of  my  fneod,  I  had  an  opportunity 
of  seeing  and  can  testify  lo  their  excellence. 

III.  AiDm  Bntfaffccr  Salt*. — A  solution  ofii/vut  in  the  proportion  of 
one  part  of  alum  to  sixteen  of  water  has  been  foimd  to  answer  pretty  wdl 
for  some  substances,  GannaVs  solution,  which  consists  of  one  part  of 
a^fiaff  pf  alumina  dissolved  in  ten  parts  of  water ;  solution  of  acetate  o( 
potash ;  soltitions  KAtpmmpn  salt  (one  part  to  6ve  of  water,  with  a  little 
camphor),  eorrvsivt  suNimafe,  f»trsulphaU  of  trvn,  sulfihate  0/  simc,  atwl 
solutions  of  several  other  salts,  have  been  recommended  as  prcservatirK 
fluids,  hut  although    adapted  for   the    prescn-ation   of  animal    sub* 
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di^  oui&ot  be  employed  foe  micro&copicol  speomoos,  io  con- 
ice  of  their  tendency  to  reader  the  textures  vary  o|Miiue  and 
tlor.     Mr.  A.  £.  Vemll  ("Sillim^n'ii  Jounal,'  MwcK,  1865)  recom- 
[jacods  s  solubon  nude  with  mtic,  rock   salt,  and  arsenktc  of  potash. 
ti  cx['-  '.itwtvcT,  has  led  me  to  discard  all  solutions  con* 

ulu  :  L-:M:opical  purposes. 

lu  1 1  HiiHi  ,Aci4  has  been  recommended,  and  Dr-  Aadrew 
U9^  to  prcKTve  specicnens  of  lung  and  other  structures  in  on 
IS  solution  or  this  substance. 
lu.  arKnlaKtud  bTtfraffCD  jjas  has  aba  been  reooiuiocmted  for 
the  prctcnratiua  of  aaioul  substances,  but  it  is  not  adapted  for  micro- 
■Mpical  preparations.  Dr.  Richardson  kept  animal  matters  from  de- 
Cdttposition  by  immcrsint;  tliom  in  an  atmosphere  of  nUrvgen,  which 
«ai  [ff«partd  by  placing  a  piece  of  phosphorus  in  a  stone  jar  containing 
oomiaan  air,  and  provided  with  an  air-tight  cover.  Ry  this  means  the 
VB/psi  is  soon  exhausteJ,  and  no  decompo^cion  can  take  place  Q). 

Some  of  the  prcM-'rvativc  solutions  which  I  have  referred  to  may  be 

4UaiAed  of  Mr.  .Swiit,  of  University  Street.    The  mode  of  u.<ung  them 

vUbc  iJuchbed  further  on.     Ever)'  microscopist  engaged  in  any  special 

nqoiy  inU  uf  cour»i  alter  the  composition  of  these  solutions  in  any 

m^  cspcnmcot    may  show  to    b«    advisable.      Great  iniprgvements 

doulitkn  may  be  made  in  many  prescrv.itivc  solutions.     A  series  of 

[  otiicrvations  of  the  effects  of  the  different  fluids  ujwn  the  s.tnie 

is  much  to  b<  desired,  and  this  is  one  of  the  questioru  upon 

lAoaienis  might  contribute  vciy  valuable  information. 

C1I.1.S  rOJt  PRJUERVIKG    UICKOSCOPICAL  SPECtMEXS. 

All  objects  intended  fur  microscopical  (ibservation  should  be  pro- 

fknd  by  a  cover  of  thin  glass.    This  cover  prevents  the  entrance  of 

duH.  ud  protects  the  object  from  the  effects  of  exposure  to  the  atmo- 

Vftae.   I'be  Quid  10  which  nuny  objects  arc  placed  for  examination 

•NUiiK  in  vapour  wlilcli  would  condense  upon  the  object-glass,  and 

prn»c  to  great  inconvenience  were  it  not  pro-entcd  from  evaporating 

'■-■■'■■    Ijss  cover.     If  the  thin  glaas,  however,  should  press  upon 

t  .:iceA  upon  the  glas^  slide,  die  distinctness  of  the  specimens 

niuid  in  many  cases  be  impaired,  or  the  structure  might  \ni  entirely 

[L-um/ed— an  inconvenience  which  may  be  prevented  by  ])lacing  some 

micluble    satistance   slightly   thicker  than    the  object,   between   the 

jitavsi.    A  little  cavity  may  be  made  in  many  ways  in  which  a  speci- 

CKC,  dry  or  wuh  its  preservative  fluid,  may  be  placed,  and  aftei^tards 

amertd  with  thin  glass  without  ri&k  of  injury  from  pressure.     This  is 

lenued  a  cell.     Cells  may  be  composed  of  vitrious  naalcrials  according 

lo  the  ihKknesfc  which  m.xy  be  necessary  and  according  to  the  nature 

of  tbc  sgUstancc  to  be  placed  withm  them. 
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114.  pKper  ceiu.— For  dry  chjtets  an  efficient  celF  is  readily  made 
with  a  ring  of  jMper  or  cardboard  fixed  with  gum  or  glue,  or  certjun 
other  cements,  to  the  glass  slide.  A  circular  hole  nuy  be  punched  out 
ofa  piece  of  cardboard,  vood,  mill -board,  or  gutta-perchn.  and  thus  the 
rini  of  the  cell  may  be  formed.  Or  a  vulr^ni/ed  India-nilibcr  ring  may 
be  cemented  to  a  slip  of  glass.  Many  other  devices  will  occur  to  9Kf 
one  who  wishes  to  make  neat  cells  for  holding  small  objects  mounted  in 
the  dry  w.iy.  If,  however,  the  cell  is  intended  to  contain  fluid,  it  raiisC 
be  made  of  some  substance  im[)ervitiU5  to  moisture. 

115.  Rkru-iae  Cell*. — Bell's  Cement  thickened  with  crashed  shell-be 
dissolved  in  a  very  small  quantity  of  methylated  spirit  may  be  used  for 
making  thin  cells,  by  proceed! ng^as  follows : — Theclean  slide  is  wormed 
and  placed  on  ttic  "  ttim-tablc,"  §  ii6,  pi-  XX,  fig.  5,  p.  54  ;  a  yW/ 
brush  of  die  thickened  cement  is  then  made  to  strike  a  circle.  The 
slide  is  held  over  the  spirit  lamp  until  bnbbles  are  given  off,  when  It  b 
placed  horizontally  on  a  warm  surface  to  diy  j  when  tifarly  ut  karj  it  it 
Tcmored,  allowed  to  cool  a  litiic,  and  a  [»ece  of  thick  plate  glass, 
previously  wetted,  is  pressed  carefully  on  the  circle  of  cement  until 
flattened  equally.  These  cells  can  be  kept  ready  for  use  of  various  thick- 
nesses, if  the  object  be  mounted  in  glycerine  in  one  of  these  ccUs,  ^bA 
is  not  likely  to  be  injured  by  a  slight  heat,  it  is  best  .iftcr  placing  down 
the  thin  cover  and  cleaning  the  c<lgcs  carefully,  to  gently  warm  the 
iJidc  and  press  the  cover  equally  on  the  cement  If  properly  maruged 
the  cover  generally  adheres  to  the  cement,  and  after  being  fiirtlier 
!>ti«ngthcncd  by  the  application  of  a  thiumr  solution  of  the  same  cecnent- 
ii%  medium,  it  will  be  found  that  an  excellent  joint  has  been  made 
through  which  the  glycerine  will  not  escape.  This  plan  for  making  thtn 
cells  for  glycerine  pre  [xi rations,  was  dcvi.sc<I  b>  my  friend  Dr.  Maddox. 

\\%.  ■mnawiek  mark  Cell. — A  ver)'  thin  cell  may  be  made  by 
paindng  a  ring  of  Brunswick  black  or  gold  size  upon  the  glass  slide,  and 
then  allowing  it  to  dry.  The  best  form  of  Bmnswick  black  cell  is  the 
circular  one,  which  is  so  easily  made  by  the  aid  of  Mr.  Shadboll's  excel- 
lent tum-tiWe,  p.  54,  pi.  XX,  fig.  5.  The  slide  Is  placed  on  the  little  brass 
wheel  which  is  made  to  revolve,  while  a  hmshftil  of  Brunswick  black  h 
held  at  the  proper  distance  from  the  centre,  according  to  the  diameter 
of  the  cell  required,  as  described  in  the  la^t  section.  If  a  thick  Uiyier 
is  desire«l  the  slide  may  be  gently  wanned,  in  order  that  tlic  layers  of 
Brunswick  black  applied  may  dry  quickly. 

itT  marine  uitun  Cells  may  be  made  according  to  the  same  plan. 
In  order  to  make  such  a  cell,  a  glass  slide  is  wanned  u]>on  the  brass 
plate,  §  72,  and  when  hot  enough  a  small  piece  is  allowed  to  melt  upon 
llic  slide,  and  moved  round  and  round  in  the  position  in  which  the 
wall  of  the  cell  Is  to  be.  When  the  glue  has  been  allowed  to  cool,  txsf 
superfluity  may  be  removed  from  the  slide  with  a  sharp  knife.     The 
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xarfice  may  be  nude  lerel  by  rubbing  ii  gently  upon  a  piece  oF  emery 
paper  laid  on  a  piece  tjf  plate  glass  oi  other  perfectly  flat  surface. 

U*.  CdU  iwMtt  of  TlnfoU,  ■»■«,  kad  Csy^r.— A  piece  of  tinfoit 
Rfeay  be  cut  out,  so  as  to  form  a  ^tightly  thicker  cell,  and  may  be  fiiied 
mpon  the  slide  with  marine  glue,  as  in  6g.  6,  pL  XXI,  p.  76.  Tin  cells  are 
no«  madeaf  ererj- thickaess  by  Mr.  Collins.  They  form  the  cheapest 
kind  of  cell  Cells  have  also  been  made  of  lliin  pieces  of  brass  or 
coftper,  bat  these  metals  are  easily  acted  upon  by  certain  chemical 
-solutions  and  are  less  satisfactory  than  tin  cells. 

Cells  may  also  be  made  o[  elioniie,  gutta-percha.  India-rubber, 
tCEdmg-wax,  and  many  other  subsunces.  Of  all  materials  used  for  the 
.furpCHC,  glass  is  the  most  suitable,  and  as  cells  of  peculiar  form  are 

CetiiDcs  required  for  special  purposes  which  canaot  be  purchased,  the 
xrer  should  be  able  to  construct  glass  cells  foe  himself 


Of  Glass  a/Is. 


na.  cauiBB  aad  criadinr  ciiut. — lo  the  manufacture  of  cells 
presently  to  be  dcscrihed,  j^laas  is  required  to  be  cut  with  a  diamond 
aad  grouaJ  perfectly  smooth  at  the  edges  Moderately  thick  glass  is 
cut  vUli  the  ordinary  glazier's  diamond,  pL  XX,  fig.  6,  or  with  that 
cheap  and  ingeaiuus  substitute  made  in  America  and  consisting  of  a 
minute  wheel  of  hardenc<l  siceL  If  the  obsener  requires  to  cut  plate 
gbtM,  a  larger  diamond  than  that  in  ordinary  use  is  necessary.  ITie 
Mm  jf/cjr  used  for  covering  objects  and  for  maVing  thin  glass  cells,  is 
em  with  the  writing  diamond,  pi.  XX.  fig.  8,  which  makes  a  scratch 
mficicntly  deep  to  permit  of  the  glass  being  broken  off  very  smoothly. 
The  a'rt/£M  uf  thin  glass  may  be  cut  by  carrying  the  diamond  round 
opnuBgs  which  have  been  turned  in  ]>icces  of  brass.  Of  these  many 
different  lizcs  may  be  made  so  that  circular  pieces  of  thin  glass  oi  any 
injutrcd  diameter  may  be  easily  cut,  fig,  g,  j>L  XX. 

Il«.  mane  for  yriniilnB. — Glass  can  bc  gmunj  ujKtn  a   jierfectly 

'/.v«f  with  emery  pon'der  or  fine  sand  and  a  little  water,  or,  instead 
fthe  sione.a  flat  plait  composed  Kii  pewter  may  be  iLsed,  as  was  re- 
comcDcndod  by  Dr.  Goadby.  Tbe  emery  afler  a  time  becomes  em- 
bedded  in  the  pewter,  and  thus  a  very  ellicicnt  surface  for  grinding 
results.  The  [KWter  plate  may  be  cast  in  Uie  form  of  a  flat  circular  disk, 
which  can  be  placed  upon  a  pivot  and  made  to  revolve  rapidly  in  a 
boriwntal  direction  by  meaiw  of  a  multiplying  winch  connected  with  it 
—40  arraogemcnt  which  is  desirable  »heu  it  is  important  lo  save 
labour. 

ni.  w  bhihkc  HftUc  In  siuK. — In  the  construction  of  many  forms 
of  cells  it  is  ncccssaiy  to  drill  holes  through  thick  glass.  This  may  be 
ejected  with  an  ordinary  sbarp-pointcd  file  if  the  cod  be  moistened 
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from  time  to  b'mc  with  a  littlt  luqicntine.     The  opLradon  is  o( 
more  quickly  perforraed  with   a  drill,  the  point  of  which  b&s 
rendered  very  hard.    A  more  efficient  plan  is  described  inS  115. 

iss.  i::cni«Hilii|[  staM  tasvtiwr  wlib  vuitie  mac— Tht-  surfiur 
^ss  to  which  a  ccmem  is  to  he  apphud  sliuuld  alwaj-s  be  toughened 
grinding,  as  the  cement  ndlier^  much  more  tntimiudjr  to  a  slightly 
it>ughencd  mrfsux  than  to  the  polished  gloss. 

Glass  is  cemented  together  with  marine  glue,  and  in  nuUung  li^e 
built  glass  cells,  the  edges  ore  united  by  means  of  the  tome  subcluio^ 
which  can  now  be  readily  obtained.  Formerly  gold  sixe,  Canada 
balsxm,  and  other  cements  were  cmiiloycd,  but  these  arc  all  inrcrinl-  to 
marine  glue.  The  manner  of  applyii^  the  marine  ghie  to  the  gtau  hu^ 
been  already  fllludcd  to.  The  ^ass  mu«  al*i^ys  be  warmed  upooj 
Sal  bnss  or  iron  plate,  fig.  i,  pi.  XVII,  p.  48,  so  that  the  beat  may 
applied  gradually  and  equally.  It  must  not  be  touched  with  cc 
fingers,  or  it  will  crack  in  various  directions,  but  must  be  held 
wooden  forceps,  or  with  ordinary  forceps,  the  extremities  of  wliit-h 
been  protected  with  pieces  of  cork,  in  the  manner  described  in  { 
p.  52,  or  in  the  holder,  iig.  3,  pL  XXI,  \\  76.  When  the  pieces  of  gl 
of  which  the  cell  is  to  be  composed  are  warm  enough,  a  iitdc  glue 
into  small  pieces  is  allon-cd  lu  melt  in  the  position  in  which  tlic  glasi 
to  be  fixed.  When  it  is  melted,  the  glass  is  applied  and  tHesscd 
upon  a  Hat  deal  board,  so  as  to  squcc'c  out  as  mudi  marine  ^ne  | 
possible  and  make  a  good  joint. 

The  Undent  should  make  for  himself  a  plate  glass  stage.    A  pM 
of  tliin  plate  glass  is  cmi  out  by  the  diamond  about  four  inches  by 
The  edges  ore  to  be  ground  snoooth  and  a  narrow  strip  of  glass  cei 
10  one  edge  with  marine  glue.    This  is  to  supiwrt  tlte  onlinary  1 
slide.    A  glass  sXagjc  ot  this  description  protects  the  microscope, 
ally  wlien  acids  or  corrosive  fluids  arc  used,  fig.  1,  {il.  XXI,  p.  76. 

US,  t'lcuunv  BIT  aaperflnoin  «luc.— White  the  slide  is  yet  wa 
much  of  the  glue  may  be  scraped  off  with  an  old  knife  and  small  chisel, 
pi.  XX,  fig.  ;,  p.  54,  aficT  which  a  little  sf/ufitm  of  potash  (the  Hqmr 
pofassa  of  the  shops)  will  soften  the  remainder.  It  may  then  be  very 
readily  removed  with  ihc  aid  of  soap  and  water  and  a  nail  brush.  Or 
the  whole  cell  may  be  soaked  in  equal  pans  of  liquw  potassie  snd 
water, — but  it  must  be  borne  in  mind  that  if  the  cell  be  soaktd  fiw 
long  a  time  in  strong  solution  of  potash,  the  glae  between  the  glass 
become  softened  and  the  joint  wHI  not  l>e  sound.  The  potash  rot 
always  be  carefully  washed  away,  to  prevent  the  chance  of  the  gli 
being  softened  after  the  cell  is  complete. 

U4.  Crtli  MMle  9t  ndo  CtaM. — The  neatest  and  most  perfe 
sftalliiiv  cell  i.s  formed  b)'  ni:iking  a  hole  of  the  re<iuired  siie  in  a  pi< 
of  thin  glass.    This  used  to  be  effected  as  follows :—  Many  pieces 
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lin  gUss  wrere  glued  together  with  marine  glue,  and  when  cold  a  hole 

through  Ukiq  alL     I.a5tl7  tbey  were  separated  froiu  each 

by  heat.  And  cleaned  widi  iK>ta&h  in  the  usual  manner. 

■3L   aiMfie    HeCkMU    mt  rerfvraUtts    tbe   Thin  titmMw. — Thui   glass 

however,  be  readily  made  by  every  raicroscupjst  for  himself, 

tu  cither  of  the  foUowing  plans:— My  friend.  Dr.  I'cniplc 

takes   a   small    piece  of   thin    glass,    and  K-ith    the    writing 

Amuod  Boralches  a  line  correspoodilig  to  the  piece  of  glass  he  wuh<rs 

lOlcmoTe,  tiexl  a  bndawl  or  other  shirp  instrument  is  i^bced  in  the 

asOt  of  die  space,  tlic  glass  being  laid  upon  a  perfectly  flat  surface,  such 

Bihid  plate  glass.     A  sharp  lap  upon  die  bradawl  with  a  light  hammer 

asm  It  to  perforate  the  glass,  but  the  cracks  nude  in  it  do  not  gene- 

nllfetlcDil  beyond  the  line  marked  with  the  diamond.     The  traginents 

nfgkvur  then  carefully  removed  piecemeal  with  a  pair  of  hne  forceits, 

Htdtbe  ctd!  is  complete.     In  some  cases,   however,  I  fear  it  will  be 

faottltto  ia  point  of  fact,  the  cracks  do  pass  beyond  the  line,  and  thus 

tketiuix  of  removing  the  fragments  from  the  centre  is  much  diminished 

la  ocdcT  to  perforate  the  thin  glass  in  making  thin  glass  cells, 

It  Brooke  takes  two  lirm   brass  rings,  ground   [lerfectly  flat,   the 

fsnaeruf  one  being  a  trifle  less  than  that  of  the  other.     The  jiicce  o( 

dmj^  to  be  perforated  is  firmly  pressed  between  them,  and  the 

imnas  dtamood  carried  round  so  as  to  scratch    each   surface.     The 

omkr  piece  ii  then  tunoved  by  a  slight  Lap  upon  the  surface  on  which 

llwfliuUen  circle  lias  been  scratched. 

mrlhod  «Hiich  I  have  l>cen  In  the  habit  of  employing  for  many 
:.ib:  a  sqiupc  or  circle  of  thin  glass  is  cemented  with  marine 
|hc  Id  cne  of  the  drcuhu*  or  quadrangular  rings  of  glass  nsed  for 
deep  glass  celts,  and  alluded  to  in  §  127  ;  the  hole  in  the  centre 
e  exact  size  of  that  rcijuired  to  be  made  in  the  thin  glass,  pi. 
'IQU.%3,  p.  76.  When  the  marine  glue  iscoId,afile  is  forced  through 
ikecntic  of  tbc  thin  glass.  The  cracks  thus  pmduccd  will  not  run  across 
Ait  (BO  of  the  glou  which  has  been  well  ceiueiilcd  by  the  marine 
Tbe  edges  are  next  to  be  hied  square,  and  the  thin  glas:i  only 
to  be  wanned  in  order  to  remove  it  from  the  cell.  It  may  now 
upon  the  slide  at  once,  or  cleaned  with  potash  and  kept  with 
Obta  QDtil  h  may  be  wanted. 

IM.  Uttp  mmm  rciia. — If  a  cell  a  little  deeper  tlian  any  of  the 
^ovc  should  be  refjuired,  we  may  proceed  in  a  different  manner.  See 
(iX.M.  6g.  4.  A  piece  of  plate  glass  of  the  proper  thickness  is  to  be 
en  litii  the  diamond  or  steel  instrument  for  cutting  glass,  to  com-ispood 
Rttb  ihc  oatsde  of  the  cell.  Next,  from  each  side  of  this  piece  of  glass, 
of  the  required  width  is  to  be  removed,  and  from  its  ends,  corre- 
tlrips  are  to  be  cut  off.  The  centml  portion  is  then  taken 
iw.ind  the  stripe  are  imxrttd  upon  the  slide  upon  which  they  are  to 
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be  filed  with  marine  glue,  care  being  taken  to  maik  them  in  the  fint 
instance,  so  that  they  may  eJtactly  fit  in  their  proper  places.  The 
niJ-iine  glue  is  allowed  to  run  well  into  all  the  comers.  In  this  way  a 
capitaJ  cell  may  be  very  easily  and  ij;uick(y  made.  Cells  of  various 
sizes  and  depths  can  be  manufactured  upon  this  principle.  The  surface 
of  the  glass  rim  should  ]>c  grc^und  upon  the  ^tone,  and  the  superfluous 
glue  removed  in  the  ordinary  manner. 

127.  aninu  D«rp  c<!iu  for  itOcctloni. — By  drilling  a  hole  in  a  pjece 
of  plate  glass,  by  cutting  off  sections  of  various  thickness  from  thick 
glass  tubing,  or  from  thick  sipiare  glass  bottles,  or  from  vessels  moulded 
for  the  purpose, — excellent  cells  of  various  dimensions,  and  admirably 
adapted  for  mounting  injections  and  other  purposes,  are  made ;  but 
when  the  preparation  is  of  considerable  thickness,  deeper  cells  than 
any  of  tliose  to  which  I  have  alluded  will  be  required.  These  may  be 
made  in  glass,  gutta-percha,  and  some  other  substances.  A  round  of 
&val  eomavity  may  be  giotind  upon  the  surface  of  a  piece  of  very  thick 
plate  glass.  Different  forms  of  small  deep  glass  cells  are  represented 
iit  pi.  XXI,  figs.  5  to  9.  Moderately  deep  glass  cells  may  be  made 
also  by  grinding  holes  of  the  size  required  through  thick  plate  glas^ 
fig.  9. 

iM.  ■mil  %i\*»%  ceiu  are  those  which  arc  constructed  by  joining 
toigelhcr,  at  the  edges  and  ends,  separate  pieces  of  glass  with  marine 
glue  or  some  other  cement.  The  simplest  form  of  built  glxss  cell  has 
been  already  described  above. 

Good  cells  may  be  made  from  thick  plate  glass,  the  edges  of  which 
are  ground  perfectly  square  before  ihcy  arc  united  together  and  to  the 
glass  slab  with  the  marine  glue.  Dr.  Goadby  used  to  make  cells  upon 
this  principle  of  very  brge  dimensions.  Many  cells  of  this  descripttoo 
may  still  be  seen  in  the  Hunterian  Museum  of  the  Royal  College  of 
Saigcons.  They  may  be  obtained  of  Mr.  Dennis,  of  St.  John's  Street 
Road,  who  is  most  skilful  in  this  department,  and  has  succeeded  io 
making  plate  glass  boxes  ta  this  manner  lar^c  enough  to  hold  several 
quarts  of  fluid. 

Lat^  plate  gloss  cells  may  be  constructed  as  follows  : — A  strip  of 
|ilatc  glass  bcutofl^  of  the  pn^>er  height  (bribe  sides  of  the  cell  From 
thi<i,  two  piriYi^  jrc  to  be  cut  off  the  desired  length  of  the  sides,  and  two 
pieces  foi  llie  ends.  The  tUt  surfaces  of  these  are  to  be  cemented  with 
auuinc  glue,  and  the  cvlges  ground  pctfedly  fiat  together,  fig.  z,  pL  XXII, 
p.  ;8.  The  cnd&  are  atwto  be  ^xrycarefitUy  ground  square.  The  giind- 
iog  is  to  be  cffectcil  v.ith  the  aid  of  sand  00  a  perfectly  flat  stone,  water 
being  added  ftom  time  to  time.  Some  prefer  a  thick  metal  plate  cast 
perfectly  tax.  Emery  powder  may  be  used  instead  of  sand,  ^^'hcn  the 
grinding  is  oompletcd,  the  sewial  pieces  are  10  be  sefiatatcd  from  one 
aaochcr  by  cardfully  heating  ihcn  00  the  hoc  plate.    When  cool  they  may 
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■  ^hwl  tn  proper  position  and  the  corners  properly  cemented  togc- 

acgluc,  pi.  XX!  J,  fig.  3,  pL  78.     When  the  four  sides  have 

icd  together,  each  surface  is  to  b«  carefully  ground  fiat,  on 

the  tfoot.  ^ind  the  cell  may  then  be  cemented  10  the  plate  glass  bottom- 

■  rtd,  the  upper  side,  on  which  tht:  cover  is  to  be  placed,  may 

,,i]  flat  afterwards.     In  order  to  increase  the  strength  of  these 

tcUiud  10  diminish  the  chance  of  leakage,  rt  is  well  to  cement  small 

pi^of  glass  iu  the  comers,  and  narrow  strips  outside,  at  the  point 

flkfelbe  sides  are  atuched  to  the  gla^^s  slab,  pi  XXXI,  fig.  4. 

TluK  cells,  of  courae,  lake  sonic  time  to  make,  but  they  arc  excced- 
iof]j  a=M,  and  have  but  one  serious  drawback — a  slight  liability  to 
lak,  «b)cb  15  hardly  to  be  wondered  at  when  the  number  of  the  join- 
iop  it  taken  into  consideration,  but  if  they  are  carefully  made  with  very 
gmdouhnc  glue  this  objection  is  overcome. 

us.  Wnp  Guu*  Celbi  aiaAe  by  tienaiRK  «  dttip  of  Cin>tn  In  the 
HMflpc  Same.— Many  years  ago  1  devilled  another  plan  for  making 
bscalU.  A  long  strip  of  glass  of  the  proper  width  was  bent  to  form 
ttc  logics  tn  the  blow'pii>e  i^ame,  and  the  extremities  were  cemented 
UpAa  in  a  similar  maunet.  The  bending  cannot  be  readily  managed 
illlc^us  is  much  more  than  half  an  inch  in  width.  The  ordinary 
[^rgUss  is  very  liable  to  crack  as  it  becomes  cool,  but  '"S  flatud  fiint 
^  be  employed  the  operation  is  simple  enough.  This  glnss,  as  well 
s  the  deep  gla<»  celts  alwve  referred  to,  may  be  olilaincd  at  Messrs. 
hieif*  glass  works,  W'hitcftiars.  The  cell  made  in  this  way  has  the 
iUtbiu^  of  not  being  perfectly  clear,  for  the  Hint  glass  is  not  per- 
Ikdj  ftu.  If  flint  glass  could  be  flailed,  ground,  and  jwlishcd  like 
ptac;  il  would  be  of  much  value  to  those  who  mount  large  objects  in 
dtqijlisi  cells.  pL  XXII,  fig.  5,  p.  78. 

ijoi  4ouMcii  tiiiu«  cgII». — Of  late  years  moulded  glass  cells  have 
letn  much  employed  for  anatomical  preparations,  and  the  absence  of 
)Mtiicnder»  them  preferable  to  any  form  of  built  glass  cells.  l.argc 
anlikd  cells  are  now  m.-idc  in  Germany,  the  sides  of  which  have  been 
pvindand  polished,  and  thus  a  preparation  can  be  seen  within,  almost 
iidouly  as  if  the  sides  were  composed  of  plate  glass.  7*he3e  cells  can 
ht<iumcd  for  a  much  lower  price  than  the  built  cells,  and  arc,  uf 
caos^  not  so  liable  to  leak.  Tliey  may  be  purchased  at  the  glass 
••di.  Wiilcfnais. 

in.  GMi«-rerrka   uid    cbantta    ccUi. — Gutta-percha    may   be 

ma  wooden  case,  and  forms  cxccllenl  cells  where  transparent 

— ,1;  not  rctiuireti     Preparations  have  been  preserved   for  iiumy 

fcn  la  Urge  cells  of  this  description.     Gutta-|>ercha  is  most  useful   for 

)BBiBg  gUu  tubes  to  flat  cells  as  may  be  required  in  forming  cells  for 

ifcDil  purposes,  pi.  XXf  I,  5g.  1. 

EJmiti  CdlSi — Excellent  cells  may  be  made  out  of  the  preparation 
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of  IiKlia-rubber  known  as  vulcanite  or  ebonite.  The]r  may  be  tamed 
lo  any  sue  and  thickness  required.  Dr.  ModtJua  ukU  such  cclU  lO 
1861.  Mr.  W.  H.  Hall  also  recommends  these  celb  for  small  micro- 
ioopical  specimens.  They  may  be  purcKased  of  Mr.  Bailey,  of  Fen* 
church  Street,  at  6J.  a-do»«i. 

las.  mmumm  Cdu. — My  fiiend  and  colteagne,  Dr.  Guy,  has  lately 
proposed  a  form  of  cell  which  possesses  many  advantages  over  those  b 
common  use.    These  are  circular,  and  may  be  nude  of  booc,  tnctai. 
gutta-percha,  or  gloss,  of  various  depths,  and  to  suit  transparent  ai 
opaque  objects.    Several  forms  have  been  mode.     They  are  ali  of  th 
same  external  diameter,  and  axe  made  to  lit  into  a  rim  of  equal  site  ii 
a  Hat  plal'.-  of  wood,  or  metal,  which  can   be  placed  in  the  field  of 
microscope.     A    small   cabinet  %viU  contain  many  more  preparauoo^ 
mounted  in  this  manner  than  on  the  ordinary  slips  of  glass.     Dr.  Gu; 
Ims  had  some  circular  labels  printed  for  these  cells  upon  -which  th 
names  of  the  preparations  may  be  u-riticn,  and  as  these  arc  of  diflincia  1 
colours  the  vanims  micri>scn[>ir  otijccLs  can  be  readily  da&sifted. 

ISA.  TiwiBtis  for  euuMinlvK  %»apuyf». — I'hese  ate  deep  but  very 
narrow  glass  cells,  the  two  surfaces  consisting  of  very  thm  glass,  so  thai 
the  higher  pon-ers  may  be  brought  sufficiently  close  to  the  objects.  The 
opening  is  above,  so  that  Uie  cell  with  living  animals  within  may  be 
placed  upon  the  stage  of  the  microscope,  when  the  instrument  u  in* 
clined,  without  any  fluid  escaping.  It  is  convenient  to  have  a  glsM 
|)anttion  in  these  troughs,  by  means  of  which  objects  may  be  {ilaced  ia 
diflcrent  parts  of  the  cell  A  convcniem  size  is  three  inches  long,  an 
inch  and  a  half  deep,  and  a  quanci  of  on  inch  in  width,  buch  ceUs 
may  be  purchased  of  Mr.  Swift  and  other  microscope  makers. 

194.  Aalnalcale  Vase. — A  very  convenient  subhiitute  for  a  oefl 
the  aj^xiratus  called  animalcule  cage,  pL  XXU,  lig.  7.  By  means  of 
Hs  sliding  cover  a  stratum  of  Quid  of  any  required  thickness  can  be 
obtained,  and  small  living  animals  can  be  conveniently  fixed  in  positioiu 
suitable  for  observation.  For  the  examination  of  deposits  in  tluids  Uus 
form  of  cell  is  also  very  convtmtent. 

iss.  VrowlHs  Celts. — In  many  investigations  upon  the  lonrr  fanna 
of  vegetables  and  animals  which  live  in  water,  it  is  necessary  to  watch 
the  same  specimen  lor  a  considerable  lime.  Some  plan  must  therefore 
be  adopted  by  which  the  living  object  can  be  freely  supplied  with  fresh 
water  and  air.  Numerous  forms  of  grmewg  al/s  have  been  jirojioscd, 
but  1  shall  only  lelei  to  two  ur  three  which  appear  to  me  to  be  most 
adt'antageous.  The  following  brief  description  of  an  improved  growing- 
trough  by  its  ingenious  deviser,  Frofcsior  Smith,  of  Kenyon  College, 
United  States,  is  taken  from  "  Silliroan's  American  Journal  of  Science," 
September,  1865,  also  "  Magarine  of  Natural  Histor)*,"  vol  XVI,  1865. 
The  whole  slide  is  a  triHc  more  than  onc^-ightfa  of  an  inch  in  thickness. 
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tfS  of  two  rectangular  ^lass  plates  3x1  inches,  and  about  fV 

ininc})  thick,  separated  by  thin  strips  of  gliss  of  the  <i3me  ihicfcneNi, 

motnted  to  the  interior  opposed  faces.     The  tipper  plate  has  a  small 

lioic  drilled  through  it     One  comer  of  the  upper  glass  19  removed,  and 

gnnllArip  of  glasi,  which  is  c.efnenied  to  it  in  the  proper  place,  pre- 

ifae  thin  glass  cover  placed  over  the  edge  from  sliding  off.     To 

ibc  sGde,  the  space  between  the  two  plates  is  to  l>c  filled  with  clean 

introduced  by  means  of  a  pipette,  and  a  drop  is  also  to  be  [>]aced 

iftebolc  to  remove  the  air.     The  object  being  put  on  Uie  top  of  the 

-,  md  welted,  is  now  to  be  covered  with  a  large  square  of  thin  glass, 

vttole  at  the  same  time  being  covered.    The  slide  can  now  be 

ttpright,  or  in  any  position,  as  no  wnter  can  escape.     It  Is,  in 

only  a  new  application  of  the  old  principle  of  (he  bird  fountain.     As 

nta  e«'3poraies  from  uttder  the  cover,  more  is  supplied  through 

bole,  and  bxnn  time  to  time  an  air  bubble  enters.    Thus  a  constant 

tsntUlion  is  maintained. 

Mf.  Rirhard  Beck  has  made  one  or  two  alterations  in  the  growing 
cell  U  Professor  Smith  ("  Quarterly  Journal  of  Microscop'cal  Science," 
Apnl  1856).  The  annoyance  caused  by  the  water  line  obscuTing  the 
w,  u  (omerimcs  happens  in  Professor  Smith's  growing  cell,  h.ns  been 
enrly  obviated,  and  one  or  two  other  improvements  have  been 
c3(ocl  Dr.  John  Barker,  of  Dublin,  has  contrived  a  very  convenient, 
tfioBil.  and  cheap  grovring  stage,  which  has  the  advantage  of  allowing 
Ibriueof  the  ordinary  glass  slides.  A  full  description  of  this  will  be 
feaj  in  the  "  Quarterly  Journal  of  Microscopical  Science,"  January, 
iW;.  Any  one  can  make  this  growing  stage  for  himself  with  very 
litlk  trouble.     A  segment  of  a  largish  circle  is  cut  in  a  plate  of  stout 

R[o  fottn  the  stage.  To  one  end  of  this  is  attached,  by  means  o( 
e  glue,  a  stuall  flat  glass  bottle  in  which  two  little  holes  have  been 
L  Such  bottles  may  be  obtained  of  Mr,  Bjiker,  of  Holbom. 
_  water  is  put  into  the  bottle,  it  is  conveyed  from  one  of  these  holes 
the  thin  glass  cover  under  which  the  object  is  to  be  kept  moist,  by 
of  a  lUTTow  strip  of  talc  which  acts  as  a  conductor.  By  this 
Tingement.  any  object  under  observation  may  be  kept  moist  for  the 
:c  of  a  week,  or  longer.  If  desirable.  Dr.  Barker's  growing  slide  is 
pre&ented  in  pi.  XXII,  fig.  6,  p.  7S. 

For  some  time  past  I  have  been  in  the  habit  of  employing  an 
rukgemenit  which  is  simpler  than  cither  of  those  above  referred  to,  and 
lich  ha*  provefl  very  ffhrieni.  A  small  piece  of  glass  tube  is  fixed  with 
nic!  of  marine  glue  to  one  end  of  an  ordinary  glass  slide,  a,  fig.  S, 
XXII-  This  is  the  reservoir  for  the  supply  of  water.  It  is  cmcrcd 
th  a  piece  of  tliin  glass,  but  a  small  opening  is  left  at  one  side  suRi- 
Mly  latse  to  allow  a  fine  thread  of  silk  or  cotton  to  conduct  tlie 
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slide.  The  stratum  of  fluid  containing  the  living  bodies  can  be  o 
tained  of  the  required  thickness  by  placing  hair  or  pieces  of  fine  gla 
rod  between  the  thin  glass  and  the  slide.  In  some  cases  it  is  necessa 
to  apply  warmth,  and  keep  the  bodies  under  examination  at  a  certai 
temperature  for  a  considerable  time.  The  method  of  wanning  tl 
slide  is  described  in  another  part  of  this  volume. 
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PART  II. 

«  EXAHINTNG^  PREPARING,  AND  PRESERVING  OBJECTS  FOR  THE 
BOIOSCOFE — DISSECTING — CUTTING  THIN  SECTIONS — SEPARATING 
DEPOSITS  FROM  FLUIDS— OF  INJECTING  THE  HIGHER  AND  LOWER 
AKDULS— OF  COLOURING  THE  BIOPLASM  OF  LIVING  MATTER,  AND 
QT  TINTING   THE    FORMED   MATERIAL. 

or  TBI  DIPORTAHCE  OF  EXAMINING  THE   SAME  OBJECTS  IN  DIFFERENT 
MEDIA — AIR,    WATER,    AND   CANADA    BALSAM. 

"He  observer  will  gain  very  imp«tant  information  if  he  will  subject 
mdi  qieciiDens  as  the  following  to  examination  in  four  different  ways : 
pules  of  fine  sand  or  powdered  gypsum,  potato  starch,  or  arrowroot 
t  Tbe  sorfece  of  the  object  may  be  examined  by  reflected  light  brought 
tiiixiis  upon  it  by  means  of  a  bull's-eye  condenser,  pL  XIII,  fig.  3, 
H  ji— I.  The  light  may  be  reflected  upon  it  from  a  Liebcrkuhn,  pi.  XV, 
l(  I,  pi  16. — 3.  The  light  may  be  transmitted  through  the  object  after 
it  has  been  reflected  from  the  surface  of  the  mirror,  pi.  XIII,  fig.  i. — 
And,  4.  The  object  may  be  placed  under  the  influence  of  polarized 
%l^  with  and  without  a  selenite  plate.  The  conclusion  arrived  at  with 
Rfaence  to  the  nature  of  the  structure  which  has  been  submitted  to 
dMse  four  modes  of  examination,  should  be  contrasted  with  the  idea 
vUch  would  have  been  formed  of  it  if  an  observation  had  been  made 
If  ooemode  of  illumination  only. 

But  fiirther  the  observer  will  discover  that  many  objects  require 
to  be  studied  in  different  media  before  an  accurate  idea  of  their 
pnal  structure  can  be  formed  It  is  in  many  instances  of  the 
MBOSt  importance  not  only  to  examine  an  object  by  reflected  light 
svcH  as  by  transmitted  light,  but  to  observe  the  peculiarities  of 
ippeanmce  when  it  is  surrounded  with  air,  or  immersed  in  water,  or 
pbced  in  a  highly  refracting  fluid,  such  as  ^ycerine,  oil,  turpentine,  or 
Cnada  balsam.  Not  less  valuable  is  the  information  we  derive  from 
Uk  qiplication  of  certain  chemical  reagents  (part  IV).  The  method  of 
untstigation  must  vary  according  to  the  degree  of  transparency  or 
iftaij,  density,  r^ractive  power,  and  chemical  composition  of  the 
fnoien.  The  object  must  also  be  examined  first  with  the  aid  of  low, 
ndiftenraids  with  high  magni^g  powers. 
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ia«.  Blfftrcnl  jlppvarsnrea  of  the  ■mmc  Objcrt  cxamlnrd  Im  Air, 
Watrr,  wiil  Canada  BiU>«nt,  bf  Transmuted  LlRbt,  and  nndrr  Ike 
InfluFiicr  nf  Iteflrctrd  l.lRht  aiid  rotarlxrd  I.lKlit. —  In  pL  Will, 
p.  So,  specimens  of  the  same  structure  (spherical  crj-stals  of  carbonale 
of  lime  and  octahcdra  of  oxalate  of  iimc)  magnified  in  the  same 
degree,  are  represented. 

/«  Air. — In  fig.  1,  pi.  XXIII,  p.  80,  CTTstals  of  carbonate  of  Umc, 
and  in  fig,  7  octahcdra  of  oxalate  of  lime  are  shown  by  trdaimittfi. 
iight  in  air  mounted  in  the  dry  way,  and  il  will  bu  noticed  hov  vayf 
dork  and  thick  the  outer  pan  appears,  and  bow  impossible  it  is  to  malcel 
oat  the  structure  of  the  former  cr)'5Uls. 

In  Water. — In  figs.  2  and  8,  pL  XXIH,  the  same  crystals  arc  sees ' 
in  water.     The  onicr  part  of  the  rrystal.-i  of  carboiute  of  lime  U  stiU' 
very  dark  and  thick,  but  a  few  lines  may  be  obscn-cd  radbtlng  from  the 
centre  of  the  crystals  towards  their  circumference,  although  not  vttj , 
distinctly. 

In  Canada  -Balutm. — In  figs.  3  and  9  the  crystals  arc  shown ! 
Immersed  in  Canada  balsam.  The  outline  now  apjjcars  as  a  sharp  wdl- ! 
defined  line.  In  the  case  of  the  carbonate  of  lime  a  number  of  nanov 
lines  are  seen  radiating  from  the  centre  of  each  crystal  towards  Hll 
circumference;  in  (act  the  crystal  really  comisis  of  a  congeries  of] 
minute  acicular  crystals. 

Jiy  Refifctid  Li^ht.—Xx^  figs.  4  and  6  the  crystals  are  represented  il  | 
they  3p[>ear  when  examined  by  reflected  light    The  globular  form,  and 
yellowish  colour  of  the  rarbonate  of  lime,  are  very  distinctly  seen,  and  | 
the  surfaces  of  the  crystals  generally  seem  slightly  rough,  sotnc  apprtf- 1 
ing  tci  be  covered  by  minute  elevations. 

By  Bslarited  Light. — In  fig.  5  another  preparation  of  the  crystak 
cnrboniilc  of  lime  is  seen  under  the  influence  of  [lolarized  IrghL  BKhJ 
ciystal  exhibits  a  black  cross  which  alters  its  position  and  appearance  as ' 
the  analyitr,  pi.  XVII,  fig.  3,  p.  24,  is  rotated. 

The  above  important  [K>ints  might  be  illustrated  by  a  vast  number] 
of  other  subiLinces.     I  cannot  too  slrongly  advi<ie  the  obnerver  to  sul>- 
ject  various  tnicrosr^pical  structures  to  examination  in  air^  tpoier, 
Canada  haham,  and  by  direct  or  rrfiedid^  as  well  as  under  the  inllnence 
of  troHsmittAi  light,  and  in  some  cases  hy polarited  light. 

t%%  or   Air  ■ubbira,  mi  GiattDic*,  a««   aiakaiM   »r  crrvuiHnr 

Mact«r. — It  is  of  the  utmot>t  imjimtance  tliai  the  observer  should  nukej 

/imuKrir  familiar  with  the  appcinuice  of  air  bubbles  and  oil  glohultrs  as 

soon,  as  pos.silile,  for  he  will  often  meet  with  them,  and  if  not  actiuainted 

"^A     ihcfV  characters  he  may  make  the  most  ridiculous  mistakes  in 

**=^ri/>»>ig    specimens. 

'*■   Jir  J^  'wM/cf  in  wata  have  a  very  wide  dark  outline :  indeed,  smiUI 
'  »  Af//A.  -^ges  *PP*"  ^^  round  black  spots.    Thb  appearance  is  very- 
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characteristic,  and  every  observer  ought  to  be  thoroughly  familiar  with  it 
j4jr  bubbles  of  various  sizes  are  represented  in  pi.  XXIII,  fig.  lo,  p.  80. 
Jkfinute  Air  Bubbla  may  be  obtained  as  follows  : — A  little  moderately 
thic^  mucilage  is  to  be  placed  in  a  small  bottle  and  well  shaken  up  with 
^l,e  air.  When  many  bubbles  have  been  included,  a  drop  is  to  be  trans- 
f^e<i  to  a  slide,  covered  with  thin  glass  and  submitted  to  examination 
jjider  various  powers,  first,  the  inch,  and  then  the  quarter  of  an  inch. 

Oil  Globules  in  water,  and  in  aqueous  fluids,  also  present  a  peculiar 

jjid  well-known  appearance.    The  outline  is  sharp,  and  dark,  and  well 

^ftoed,  but  not  nearly  so  wide  as  that  of  the  air  bubble,  because  the 

Terence  of  the  refractive  power  between  the  oil  and  the  fluid,  although 

,try  great,  is  much  less  than  that  which  exists  between  the  air  and  the 

(laid  medium  which  contains  it.     Every  one  should  compare  carefully 

ui  bubbles  in  water  with  oil  globules  in  water  under  the  microscope. 

Oil  ^obules  within  cells,  and  free  oil  globules  of  various  sizes,  as  seen 

in  milk,  are  represented  in  pL  XXIII,  figs.  11  to  14. 

Ofl  globules  of  various  kinds  and  sizes  should  be  submitted  to 
nuaoscopical  examination  under  various  powers.  Certain  kinds  of 
ttitf  matter  contain  much  crystalline  fat,  as  stearine  or  margarin,  which 
is  DOt  a  pure  substance.  These  crystallize  spontaneously  from  the  more 
oitjrkty  matters.  By  the  action  of  acids  and  other  agents  many  fats 
are  decomposed  and  the  crystalline  fatty  acids  are  set  free.  Many 
di^y  soluble  earthy  salts  crystallize  under  certain  circumstances, 
tspedally  in  mucus  and  viscid  fluids  in  the  form  of  globules  or 
j^ifawij,  which  oflen  closely  resemble  oil  globules,  from  which  they 
may  be  distinguished  by  their  hardness  and  by  their  chemical  characters. 
&pL  XXIII,  fig.  2.  The  illustrations  in  this  plate  should  be  carefully 
tiodied. 

HOW  TO  EXAMINE    AN  OBJECT  IN  THE  MICROSCOPE. 

lu,  F*r  BcsliiBera  only. — Any  one  who  purchases  a  microscope 
pnibably  endeavours  to  look  at  some  object  through  it  as  soon  as  it 
comes  home,  and  of  those  who  make  the  attempt  some,  perhaps,  fail 
completely,  because  they  are  not  acquainted  with  the  principles  enun- 
ciaed  in  the  preceding  pages.  The  observer  will,  I  think,  actually  gain 
tiiM  if  he  will  go  through  the  tables  at  the  end  of  the  volume ;  but  if 
too  impatient  and  eager  for  action,  he  may  proceed  to  work  at  once  as 
follows: — 

I.  Place  the  microscope  in  the  position  represented  in  fig.  3, 
pi  XIII,  p.  22,  the  eye-piece  being  adapted  to  the  microscope.  Carefully 
Jcrew  the  low  power  object-glass  (the  two-inch  or  inch)  on  the  body, 
SDpponing  it  with  two  fingers  of  the  left  hand,  while  the  finger  and 
liramb  of  the  right  arc  used  to  screw  it  home.  Care  must  be  taken  a, 
U  to  let  the  object-glass  &11  down,  and  ^,  that  the  glass  i^  not  smeared 
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wiili  mobture  by  touching  it  with  the  finger.  Turn  the  mirror  oui  of  the 
way  and  pcnnit  the  dark  part  of  the  diaphragm  to  occupy  ihe  field,  or 
place  a  piece  of  perfectly  flat  black  paf*r  over  or  under  the  apcmirc. 

3.  Take  a  dry  bread  crumb,  about  the  size  of  a  small  pin's  head, 
place  it  on  a  glass  slide,  and  the  slide  upon  the  stigc  of  ihc  tnirroscnfc. 

3.  Place  an  ordinary  wax  candle,  or  French  or  oihtr  lamp,  in  weft 
a  position  that  the  upper  surface  of  the  crumb  of  bread  may  be  lighted 
up,  or  use  (he  buU's-cye  condenser,  so  that  a  strong  light  is  condenwd 
upon  the  object,  as  in  pi.  XIIT,  fig.  3,  p.  22. 

4.  ScTvw  down  the  body  of  the  microscope  until  the  object  conies 
into  focus  and  is  seen  distinctly. 

The  crumb  of  bread  is  examined  as  an  cpaque  objeri  hy  reeded  Sgkt^ 
and  peculiarities  of  its  surface  are  alone  made  out 

5.  Alter  Ihc  position  of  the  lamp,  if  necessary,  and  so  arrange  the 
mirror  that  the  light  may  be  reflected  from  It,  and  caused  to  piB 
through  the  object  (transmitted  light),  fig.  1,  pi  XIII,  p.  22.  Prcveai 
the  light  from  illuminating  the  surCice  as  before.  The  object  se«:iBit 
ver)*  dark  and  little  that  is  definite  can  be  discovered. 

6.  Brt^  the  crumb  up  into  sei-eral  smaller  pieces.  This  may  be 
easily  effected  with  the  aid  of  a  penknife.  Most  of  the  panicles  appear 
ongular.  They  seem  dark  because  they  are  too  thick  for  the  light  id 
pass  throt^h  them,  but  Here  and  there  one  appears  more  or  less  tmw- 
parent. 

7.  One  of  Ihe  transparent  pieces  being  th  the  field,  remove  tht 
inch  i>ower  and  screw  on  the  quarter  of  an  inch  object-glass,  anil 
examine  the  crumb.  Still  the  apiiearance  is  not  very  definite  or  sati»> 
factory,  and  little  information  is  gained  n-ith  regard  to  the  structure  of 
the  crumb  or  of  the  nature  of  its  coroponcnl  {larticlcs. 

8.  Next  screw  up  the  body  of  the  niicrosc(q}c,  and  remove  the 
dlde  from  the  stage.  Carry  a  drop  of  water  with  the  aid  of  a  pipette 
(p.  100)  or  a  glass  stirring  rod,  to  the  specimen,  and  cause  the  minute 
cnimbs  of  bread  to  be  wetted  without  their  position  being  much  altered 
Carefully  apply  one  of  the  pieces  of  thin  covering  glaw,  p  71,  after 
breathing  upon  the  surface  which  is  to  come  into  contact  with  the  fluid. 
The  thin  glass  may  be  held  in  forceps  or  between  the  finger  and  thumb, 
and,  by  using  a  needle  or  a  knife,  may  be  allowed  lo  iaSX  upon  the  wee 
crumbs  rery  gradually,  as  represented  in  pL  XXVl,  fig.  4^  p.  loa 
The  suiK-rfluous  moisture  is  lo  be  removed  by  the  aid  of  the  bandker- 
chief;  or  with  a  piece  of  blotting  paper,  so  tliat  no  water  will  drop  fron 
the  slide  when  it  is  placed  upon  the  inclined  stage  of  the  microscopa 

9.  When  the  crumbs  have  soaked  for  a  few  seconds,  give  tlie  thb 
glass  two  or  three  smart  taps  so  as  to  crosh  them  a  little  and  make 
ihem  spread  out. 

10.  Bring  the  specimen  as  near  the  centre  of  the  field  as  pouiU^ 
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screw  down  the  body  of  the  microscope  uniU  the  object  comes  into 
i  focusL     Many  new  ficis  are  now  leamt. 

a.  A  number  of  small,  oval,  circular,  angular  and  perfectly  irans- 
fonni  {laniclcs  are  seen  for  the  first  time. 

t.  The  dark  innlefiniie  appearance  before  observed  is  no  longer 
noticed. 

c  Earli  transparent  particle  has  a  sharp  and  dark  outline.  Some 
are  cracked,  others  exhibit  irrqfulaiities  of  surface,  while  in  some 
an  indication  of  concentric  lines  may  be  observed.  These 
bodies  arc  .starch  granules  or  corpuscles  of  various  sixes,  modititxl 
by  the  heal  of  the  oven.  They  appear  clear  and  transparent  now 
ihcy  are  examined  in  water,  instead  of  being  black  and  opaque 
ju  when  they  were  examined  before  ia  air,  because  the  refractive 
power  of  the  water  approaches  more  closely  to  that  of  the  starch 
granule  than  the  air. 

d.  Probably  some  black  spherical  bodies  or  very  wide  and  dark 
circular  rin^ss  will  also  be  observed  here  and  there.  These  are 
air  bubbles,  pL  XXIII,  lig.  to,  p.  8a 

II.  Examine  the  thinnest  possible  shaving  of  deal  wood  or  of  a 
pencil,  and  of  mahogany  or  a\k,  a  fragment  of  blotting  paper, 
[«ooe  of  cotton  aitd  linen  scraped  as  fine  as  possible,  a  small  pinch 
8oar,  ordinary  starch,  common  pepper,  cayenne  pepper,  i>owdcred 
in  the  same  way  as  the  bread  crumbs,  taking  care  to  allow 
[them  to  soak  in  a  drop  of  water  for  an  hour  or  more,  so  that  they  may 
be  perfectly  welled. 

11.  Subject  pieces  of  moist  lea  leaves,  very  thin  sections  of  potato 
and  ihe  peel  of  the  potato,  the  skin  or  interior  of  an  orange,  lemon,  or 
«ber  fruit,  a  piece  of  rhubarb,  cabbage,  or  other  vegetable,  taking  care 
that  in  all  cases  the  pieces  arf  tmaU  mongfi.  A  small  portion  of  yeast 
ot  the  mould  u|x>n  any  objei:t  from  a  damp  cellar  will  furnish  instnic- 
ti«  olqocts.    They  can  easily  be  subdivided  with  a  sharp  penknife. 

1  ftnmgly  Tccommcnd  the  beginner  to  examine  ^-arious  specimens 
of  }un  and  preserved  fruits,     .^s  these  vegetable  tissues  have  long 
Kiked  in  syrup,  thej*  have  become  exceedingly  transparent,  and  are 
wlminbly  fitted  for  microscopical  demonstration.    The  Spiral  vessel?, 
y,  snd  cellular  tissues,  can  be  obtained  without  any  trouble,  and 
■inaie  structure  of  the  difTeteni  vegetable  lissucs  can   be  most 
[demoutniied    Moi«len  ihc  specimen  with  syrup,  not  with  water. 
Tic ci)S«r\uT  win  proliably,  in  the  first  inst-imx;,  take  far  too  much 
of  iJKwbiUnte  for  examination,  and  he  will  find  it  excellent  practice 
ID  hiing  under  observation  s[>ecimen  nAer  specimen,  each  one  taken 
^Ui>K  atatler  than   the   last      Pieces   so   small  that  they   may   be 
!)()  00  the  point  of  a  needle  oAcn  afford  more  information  than 
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larger  portions.  The  specimens  will  require  to  be  moistened  with  a  little 
syrup  before  the  thin  glass  is  applied,  and  this  will  have  to  be  pressed 
down  firmly  upon  the  specimen,  a  pin  being  used  for  the  purpose.  The 
steel  pins  with  mund  glass  heads,  used  by  ladies  as  shawl-pins,  are  moit 
useful  instruments  for  the  microscopist.  The  small  ones  will  be  found 
more  convenient  for  some  purposes  than  the  long  ones. 

The  thinnest  possible  sections  of  any  of  the  textures  mentioned 
above  can  be  cut  with  a  sharp  thin  Icnife,  p.  50.     Various  candied  and 
preserved  fruits  will  fumisli  excellent  microscopical  specimens.   Candied    . 
lemon  peel,  preserved  ginger,  plums  of  various  kinds,  may  be  cut  with  a    i 
very  sharp  knife,  and  the  thinnest  possible  section  removed,  which  maj    | 
be  transferred  to  a  little  clean  syrup  or  glycerine  for  examination.    I 
Cheaper  vegetables,  introduced  to  deceive  purchasers,  can  be  easily    : 
detected  by  microscopical  examination ;  and  if  most  of  those  who  could    I 
use  a  microscope  would  examine  carefully  the  various  articles  consumed 
as  food,  the  science  of  adulteration  and  imposition  would  soon  become 
obsolete. 

The  action  of  syrup  and  glycerine  on  tissues  will  be  more  fully  dik- 
cussed  in  part  VI. 

ISV.  VreeaatlOBi  to  be  eliBerrcil  In  working. — And   now   I  TOfOt 
give  a  few  words  of  advice  to  the  young  observer  not  to  work  too  long 
at  a  time  or  with  high  powers;  and  recommend  him  to  be  careful  not  to 
illuminate  the  object  more  intensely  than  is  necessary  to  enable  him  to 
see  it  dearly.     A  retina,  which  would  work  well  for  half  a  century,  soon 
becomes  rendered  less  sensitive  or  permanently  damaged  by  a  stroi^ 
glare  thrown  upon  it  for  several  hours  a  day.     To  avoid  strain,  the  habit 
of  keeping  both  eyes  open  during  observation  should  be  acquired  ai 
soon  as  possible,  and  the  observer  should  observe  sometimes  with  one 
eye  and  sometimes  with  the  other.    Although  the  eye  improves  vciy    [ 
much  by  practice,  it  may  be  seriously  damaged  by  straining  it  injudi-    ; 
ciously.     At  first  the  observer  should  work  for  half  an  hour  only  at  a 
stretch,  and  if  he  finds  that  he  is  not  fatigued  and  external  objects  are 
seen  quite  distinctly,  as  to  form  and  colour,  immediately  the  eye  h 
removed   from   the  microscope,    the    period    of    observation   may  be 
gradually  increased  until  it  reaches  two  or  three  hours  a  day,  but  I 
think  it  unwise  to  work  uninterruptedly  for  a  longer  time.     It  is  a  good 
plan  not  to  work  regularly  every  day,  at  least  for  the  first  year  or  twa 
With  care  an  eye  which  was  at  first  weak  may  be  inured  to  prolonge^^ 
exertion  and  improved  in  sensitiveness,  and  may,  perhaps,  be  used  fo^^ 
the  greater  part  of  life  without  damage. 

It  is  remarkable  how  little  some  persons  suffer  fixim  microscoiMC  fl^^ 
telescopic  observation,  but  it  is  quite  certain  that  many  cannot  work  fd-  —_ 
long  without  great  risk  of  seriously  injuring  their  sight  No  gene 
rules,  therefore,  can  be  given  which  will  apply  to  all.    I  have  my 
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often  worled  with  very  hi^li  jxiwets  ami  with  a  very  brighlly  ilhiini  11.1  ted 
fit!d,  iitrajnii^  the  eye  to  the  utmost  in  ihe  hope  of  seeing  more  than 
itM  at  first  obscrvabtc  I  kept  this  up  for  some  hours  at  a  time  for 
•evcnl  ycats,  1  am  happy  to  say,  without  any  very  serious  impairment 
of  ^i^Iii,  but  [  wuiilJ  nut  tecoinmcnd  any  one  to  subject  himself  to  the 
fSme  tisXi  unlc^H  he  allowed  Uimself  to  pass  through  the  s.tmc  gradual 
:  process,  using  first  only  tow  [wwen,  moderate  light,  and  working  only 
for  A  short  lime,  md  slowly  inrrcisinj^  the  magnifying  [>ower,  the  iHumina- 
tkio,  and  the  period  of  study  as  he  felt  he  wxs  able  to  stand  it. 

I«0,    VcnrrKl  CaB»l<lcriitloiiB  with  reference  la  tfce  nmtiiro  af  tlw 

la  wblcb  TiMUCM  MbBHM  ke  plmreA  far  Bxamlaatlon. — -If  the 

be  dry  and  very  thin,  or  if  it  is  reijuired  only  lu  inakc  out 

'any  general  points  with  refcrenet:  to  its  outline,  or  the  character  of  its 

foriacc.  it  may  be  examined  in  air.     So  also  many  structures  subjected 

I  to  eumirution  by  low  powerj,  and  by  renccled  light,  exhibit  the  general 

|amtngemenl  of  their  component  parts  very  satisfactorily  when  mounted 

peilectly  dry. 

11;  however,  the  texture  be  delicate  and  moist,  and  readily  destroyed 

,  bjr  cirelcss  manipulation,  it  Is  gcnerttlly  desirable  to  examine  it  in  some 

'  aqaeous  fluid  when  tjuite  fresh.     The  character  of  the  fluid  must  vary 

in  diAercnt  cases  according  to  the  density  and  properties  of  the  fluids 

wttich  bathe  the  lissue^i  in  their  natural  state.     Water  answers  well  in 

many  instances,  but  the  microscopical  character  of  some  textures  are 

ootD^Jctcly  altered  by  water,  or  even  altogether  destroyed  by  it.     Other 

■■:  and  oiiaquc  that  they  are  not  well  displayed  in  water. 

^  siructurus  become  distended  by  it,  but  it  does  not 

follow  itui  when  this  happens  it  depends  ui>on  a  "cell,"  or  bladder 

"1  points,  being  distended.     It  does  not  prove  that  the  cell 

.    11  ranous  wall,  for  a  mass  of  jelly  may  be  made  to  swell  out 

pMt  like  a  "  ceU."    If  the  jelly  be  made  with  a  dense  fluid,  tha  more 

}mfi&  water  will  pass  in  2nd  mix  with   it     The  jelly  "ceU"  thus 

liKonics  distended  by  this  flowing  in  or  osmosis,  and  often  tosuch  a 

'itfpx  as  to  be  invisible.      To  prevent  this  result,  it  is  necesstry  to 

inuxtic  the  structure  in  some  fluid  afiproaching  in  density  to  that  in  its 

UdSStket,  or  in  its  interior. 

To  make  a  simple  fluid,  in  which  to  examine  delicate  moist  tissues,  a 

•hile  sojpi  or  salt  may  be  dissolved  in  the  water  (five  to  Rfty 

ttt  two  tablespoon  fills  of  water).     Saliva,  the  vitreous  humour, 

0, «  while  of  egg,  from  their  viscidity  do  not  permeate  readily  and 

'lu  jUci  the  li&suc.     I'hey  are,  therefore,  advantageous  media.     But  of 

ill*a\iMaccf  soluble  in  water,  glycerine  is  one  of  the  most  useful  to 

iV  in;croiojpi6t.     With  glycerine  he  may  obLiin  .1  fluid  of  any  density, 

and  of  tiriwus  degrees  of  rcfractina  power.     Moderately  stroi^;  solutions 

■»  jljwriiic  ptcscn-c  anitna]  and  vcgcuble  structures  for  any  length  of 
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time.  If  soft  tissues  li«  immersed  in  strong  glycctine  or  Kyru|),  the  witcr 
Uiey  contain  passes  out  and  the  tiiisuc  shrinkK,  and  all  appearance  of 
struclure  disappcitrs.  But  tite  very  same  texture  may  bv  immcracd  in 
the  strongest  glycerine,  and  all  the  details  of  the  most  dclirMc  vtruciurc 
displayed  U  only  the  strength  of  the  glycerine  be  increased  very  gtid^ 
as  I  have  explained  more  fully  in  part  VI.  Glycerine  is  to  moist  d 
what  Canada  balsam  is  to  textures  which  are  captikic  of  being  dried, 
without  their  structure  being  impaired.  The  most  dense,  op(U|uc,  and 
ill-defined  structures,  immersed  in  glycerine  become  clear  and  Inuo- 
]iarent ;  and  anatomioil  peculiaritit:.'>  vshich  were  btfure  indistinct,  or  mn 
obsen-able,  become  dcmonstnible  wilUuut  diificulty.  Another  adran- 
toge  is,  that  by  the  addition  of  a  little  water  all  the  original  cluuacter^  of 
the  tissues  ore  restored. 

Further  observations  upon  renderiog  tissues  which  are  more  or  le» 
opaque,  transparent,  will  be  found  in  part  VI. 

141.   or  iiXAlBlKlnff  ftnd  PrcBcrnlHiC  niMrclmciu   In  llic   D17  y/fMf,— 

Any  specimen  examined,  or  preservt:d  innninivnily,  .ns  a  drj-  object  in 
air,  mtist  be  protected  frcua  dust  by  being  covered  with  thin  glos^  ud 
the  pressure  of  the  latter  upon  the  8|)cciinen  mu»l  Iw  prevented  by  the 
inteqjoeition  of  small  pieces  of  cardboard  at  the  edges  of  the  tliin  gUs^ 
slightly  thicker  than  the  siiecimcn  itself.  Objects  may  be  mounted  in 
the  dry  way  in  many  of  the  cells  deitcribcd  in  68  114 — 131;  but  a 
simple  cell  made  of  wood  or  cjrdbo.ird  is  sufBLient  for  all  [Haaical 
purposes.  The  round  vulcani/ed  India-rubber  rings  cemented  to  tbft 
glass  slides  with  domar  or  solution  of  Canada  balsam  in  benzol  make 
capital  cells  for  mounting  such  preparations. 

llie  thin  glass  cover  must  be  attached  by  a  little  very  tliick  gum  or 
by  a  paste  made  of  gum  and  flour  or  clialk.  Any  cement  used  for  this 
purpose  must  be  \iscid,  or  it  will  run  into  the  specimen  and  cumplctcl; 
spoil  it. 

Among  unorganised  substances,  there  are  many  objects  vtuch  may 
be  riKiunted  or  preserved  with  advantage  in  air.  Many  crystaUioe  bodie* 
found  Tuttve,  and  some  crystals  derived  from  the  OTgnnic  and  inorganic 
kingdoms  artificially  prqiared,  truy  be  examined  or  [tfcscr^cd 
nently  in  air.  Many  of  these  present  Tcry  bcautiftil  appearances, 
ous  acidt  common  salt,  benzoic  acid,  uric  acid,  crystals  of  the 
alkaloids,  such  as  salicine  and  many  crystalline  salts — bone,  tcclli,  hai^ 
horn,  the  scales  of  Imttcrflics,  of  the  podtira  and  many  other  insects — 
are  structures  which  may  be  examined  in  air  and  mounted  drj-.  The 
general  structure  of  tuany  vegetable  |)rei>aratio)is  may  be  demonslratiKl 
in  the  same  simple  manner.  TIte  petals  of  many  Quwers,  diffcient  fonttt 
of  v^ctable  cellular  and  vascular  tissue,  the  epidermis,  liatrs,  and  othi 
parts  of  plants,  the  seeds  and  seed  vesseU,  spiral  fibres,  the  &toncs 
fruits,  sections  of  wood,  of  the  pith  froiti  the  stem  of  various  plani 
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FpoUen,  the  spores  of  ferns,  mosses^  and  fungi,  are  examples  of  vegetable 
[pre  -  wliich  may  be  examined  and  preserved  in  air. 

I  ijects  prewn-cd  in  ihc  dry  way  can  be  examined  by  refifeted 
I  ZnpA/  onljr,  but  vcr^r  thin  dry  tissues,  like  the  epidennb  from  diflfercnt 
I  jiuu  of  pUnis,  may  be  exanuned  by  icflected  or  by  transmitted  light 

14S.  EuuKlMUlmi  or  autaitaacc*  la  riulAft. — In  chuusin^  a  Quid  io 

j  which  the  speclmcD  is  to  be  immersed,  its  chemical  composition,  its 

I  ttansparcDcy  and  its  refractive  power  must  be  considered    The  different 

'  pmervaiive  !»ulution$  described  in  pp.  64  to  69,  may  be  used  for  the  {n^ 

scrraiioD  of  a  variety  of  objects  in  iluid     If  we  wlah  for  a  fluid  clusely 

:  resembling  vratcr,  but  posses«n«  the  property  of  preserving  the  spcdmcn, 

'  we  may  use  the  mIuIjum  0/  naphtha  and  creoiaie,  §  i  ao,  or  ftiifhtha  aitd 

■Bufrr,  or  carbolic  acid  and  water.     If  we  require  a  fluid  of  higher 

jspecilic  gravity,  some  of  the  saline  solutions,  diluted   with  a  pro|}er 

quantily  of  water,  may  be  used.    If  we  wish  for  a  solution  which  refracts 

re  may  cmj)loy  ylyccrine,  or  a  mixture  of  glycerine  and  gelatine. 

;,.j...:ni:!,  it  is  often  said,  is  not  suitable  for  prescr\nng  fibrous  tissue 

and  many  delicate  textures  which  would  be  rendered  too  transparent. 

The  objedion  is  purely  theoretical,  for  I  have  prcscr\-cd  such  textures 

perfectly  vcU  in  glycerine. 

If  a  fluid  is  K-quircd  which  has  the  property  of  hardening  the  siT\ic- 

tof'  ■'"  chmmic  aiid,biihramale  of  poiaah^  corrosive sttblimaU, 

St  -  may  be  employed,     in  ail  cases  the  substatue  shouLt  be 

immrruJ  frr  tsme  timf  in  the  fiuid,  in  which  it  is  to  be  preserved^  be/ore 

ttimc  m^mtaf  frrmanenUy,     The  cell  made  of  Brunnvtck  black  or  the 

ihin  glaitt  cell,  or  other  forms  described  in  g^  1 16—131,  may  be  chosen 

according  to  the  dimensions  of  the  specimen.    The  object  and  fluid 

Wing  placed  in  the  cell,  the  thin  glass  cover  is  applied,  with  the  prc- 

cainioos  recommended  in  p.  8a.    The  suix:tduous  fluid  is  removed  with 

a  pwcc  of  blotting  paper,  or  a  soft  cloth,  and  after  the  edgea  have  been 

^Umcd  to  dry  a  little,  they  arc  anointed  with  a  thin  layer  of  Brunswick 

Almort  every  organised  structure,  and  especially  the  soft  moist  tissues 
01  ib(  bodies  of  animals,  may  be  advantageously  ijresen'cd  in  fluid 
Uhu  been  said  that  the  solution  employed  io  preserving  a  structure 
rocinble  as  nearly  as  possible  in  density  and  refracti^x*  power, 
fluid  which  bathed  il  during  life,  but  it  is  a  fact  that  many  e\-en 
otttdflijdy  delicate   structures   may   be   examined   in   fluids  of  high 
idowlj,  u  syrup  or  glycerine,  and    peculiarities   may  be   made   out 
it^  uc  DtK  to  be  demotuUale<l  wbca  they  are  examined  in  water  or 

!"'■"  S/>enmirns  which  may  be  examttt^J  tin  both  sUa  by  high 

i^'.    . .  1:  vLinling  some  specimens  it  is  desirable  to  arrange  so  that 
Ota  Bdc  may  be  submitted  to  examiiution  by  high  powers.    Thia 
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may  be  efTccled  hy  having  thin  ^ass  circles  of  (  of  an  inch  in  ditao&et, 
and  othcra  |.    The  last  may  be  cf  thinner  glass  thim  Thi; 

s))ccimcn  with  the  fluid  preservative  medium  being  |    '  ;oo  the 

larger  circle,  ihe  smaller  one  is  applied  and  cemented  to  the  fim  in  llie 
usual  manner.     \\'hen  dry-  the  mounted  s()ccimen  may  '  '    -i  a 

slide  made  of  cedar  wood,  of  the  same  dimensions  as  :■  .    -  '* 

•didcs,  and  placed  vith  them  in  the  cabinet  These  cedar  wood  ulidet 
have  holes  made  in  ihera  just  large  enough  to  admit  the  glui  cirrtGA, 
which  arc  kept  in  their  place  by  little  circles  of  paper  fued  with  gum. 
I  have  mounted  hundreds  of  specimens  in  this  tnanaer,  and  not  a  lie* 
luve  been  presen-ed  for  twenty  years. 

A  modification  of  the  above  plan  has  been  adopted  for  very  delicate 
specimens  by  Dr.  Edmunds,  who  has  described  the  method  of  pro- 
ceeding in  the  "Journal  of  the  Quetett  Club"  for  May,  iSjft,  p.  3> 
Slips  of  dty  cedar '^  inch  in  fhickncs.<i  are  cut  3  inches  x  i{,  and  a 
I  ^ -inch  hole  is  made  with  a  sharp  centrc-btt,  cutting  through  a  doten 
.slijis  at  a  time.  The  edges  are  smoothed  with  fine  sand-japer,  and  then 
with  strong  paste  or  masric  vamish  slips  of  bank-note  p3t>cr  are  ctiatned 
over  the  opening— the  edges  of  the  jia|)CT  being  extended  round  ihc 
edges  of  the  slipi  AVhen  drj-  the  stretched  puper  is  lo  be  puDched  out 
with  a  ^inch  gun  punch,  and  the  thin  glasses  are  cemented  in  with  a 
ring  of  varnish.  Tlie  objects  are  set  upon  a  J-inch  cinie  of  xjoj  inch 
glass,  and  are  coveted  swilh  a  |-circte — the  latter  just  Ailing  up  the  hole 
punched  through  the  paper  drumhead. 

I4a.  Kxnmlitsllaii  In  C'aiiBda  BalMim.  Turiw^tlii*,  ani  Olt — 'Ihe 
well-known  Candida  l>al.sam  has  long  liccn  a  lavoiintc  medium  for  the 
preservation  of  microscopical  specimens,  on  accotmi  of  its  [imnniting 
and  highly  refracting  properties.  Turpentine  possesses  very  !iimilar  pro- 
penicb,  but  from  Iteing  a  limpid  fluid,  it  is  far  less  useful  than  Canada 
balsam.  Canada  balsam  may  be  kept  in  an  Iran  or  tin  vessel  of  ihe 
form  represented  in  pi.  XXIV,  fig.  i. 

All  preparations  to  be  mounted  in  Canada  balsam  must  be  thorDoghtr 
dried  before  being  immersed.  The  desiccation  must  be  cffccl- 
temperature  of  not  more  than  from  100  to  300  degrees.  For  thi.  |.ui- 
pose  of  drying  tissues,  we  may  employ  the  water-bath  alluded  to  in 
J  73,  or  we  may  place  the  specimen  under  a  bell-jar  close  to  a  Iiasin  of 
strong  sulphuric  acid  or  chloride  of  calcium,  whirh  substances  have  the 
power  €>J'  absorbing  moisture  in  an  eminent  degree,  pL  XXIV,  fig.  5. 
Many  textures  in  process  of  drying  include  a  number  of  airUulitdes 
in  their  interstices,  and  it  is  oAen  very  difficult  to  remove  Uicsc.  To 
effect  this  object,  the  preparation  may  be  allowed  to  soak  some  titan 
in  turpentine,  and  the  removal  of  the  air  is  often  muih  tiriliLiirtJ  by 
the  application  of  a  gentle  heat.  If  the  air  cannot  be  removed  in  this 
manner,  the  preparation  immersed  in  turpentine,  may  be  placed  under 
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Ox  itfdrcT  of  nn  alr-f  ump.  As  the  pressurt  is  rci»o\  ed  the  air  rises 
the  Kirfiicc  and  the  fluid  nishi's  m  to  supply  its  plarc  A  coQ- 
\tad  simple  forai  of  air-jiumi)  is  fcprcsenled  In  pi.  XXIV,  fig.  3. 
.Bu*:h  cheapcT  and  simpler  apparatus  has  been  recently  made  by 
at  iJie  suggestion  of  Mr.  Gardner  of  the  Quekeu  Club.  This 
,  of  a  chamlwr  lai^e  enough  to  contain  two  or  three  gbtsa 
•lib  which  a  good  strong  ejduiusting  syringe  is  connected.  The 
cut  b  represented  in  pi.  XXV,  lig.  $,  p.  93.  Wlien  the  thin 
|4f  tissue  has  been  thoroujjlily  dried,  and  the  air  removed,  it  may 
[Brttsuiy  to  slightly  rcmoisten  it  with  turpentine  before  it  is  placed 
I  the  luliatn. 
In  mounting  a  thin  section  of  bone  or  other  hard  dry  texture  in 
[  bnbatn,  the  fotluwing  steps  are  taken  :  ihcgla-w  slide  having  been 
u}>oa  ttie  bruA  pLati:,  a  small  quantity  of  a  solution  of  dry  and 
I  Uiada  lultam  in  benzol  or  chlaroform  is  placed  on  the  slide  upon 
I  te  jpccinicn  is  to  be  mounted.  The  siK.i:imcn  already  moLslvned 
a  tok  solution  in  the  same  medium,  or  witli  turjieiitine  or  oil 
[clt*W,athen  placed  in  proper  jKisition  with  the  aid  of  a  needle. 
tew  lij^wbblcs  may  iK-rhap  collirct  upon  the  surface  of  the  balsam 
,  ia  which  case  the  slide  is  to  be  moved  from  side  to  side  with  a 
sii^iRUiory  mcn-eraent,  when  the  bubbles  may  be  seen  to  collect  in 
i^opoo  the  surface.  They  may  be  made  to  hursi  by  the  .ipplica- 
lef  awarm  needle,  or  complciely  removed  by  touching  tliem  with  a 
fiDtto  which  the  portion  of  lialsam  including  them  will  adhere.  All 
khivLng  liecn  rtmuved,  the  thin  glass,  which  has  buen  perfectly 
ind  slighlly  warmed  on  the  brass  plate,  is  taken  in  a  pair  of 
S— and.  one  side  of  tt  being  allowed  to  come  in  contact  with  the 
I,— b  permitted  to  fall  very  slowly  upon  the  specimen,  in  such  a 
'tiui  the  balsam  gradually  wets  the  thin  glass,  whhoiit  including 
J«'WAlti.  The  thin  gloss  is  then  pressed  down  slightly  witli  a  needle, 
llitillde  placed  in  a  warm  place.  The  benzol  gradually  evaporates, 
ihc  balftftin  which  M:cma  to  undergo  no  further  change  if  the 
lohtionhai,  in  the  fiRt  instance,  been  properly  prc|>ared. 

Tic  feet  and  hard  parts  of  the  fly  and  other  insects,  and  the  ova  of 

I  uacris  may  be  mounted  in  the  solution  of  Canada  balsam.    The 

'iml  hard  parts  of  the  covering  of  many  of  the  lower  animals,  the 

q[  various  niollusks,  such  as  the  lim[H:t,  and  ninny  fresh-water 

,the  coriaceous  coverings  of  insecLs,  their  antenme,  stings,  eyes, 

iiin^  the  scales  of  their  wings,  the  tmchex  penetrating  every  part 

.  dni  ui^janism  with  their  spiracles  or  external  ojwnings,  and  in  some 

^iht  entire  insects  themselves,  the  scales  of  fishes,  sections  of  bone, 

hoofs,  claws,  nails,  s|>ccinicns  of  %'ariou.s  kinds  of  hiiir,   are 

of  objects  derived  from  the  animal  kingdom  which  may  be 

Btd  in  this  maxitici  and  mounted  permanently  if  desired 
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If  the  ot>server  wishes  merely  to  ascertain  hov  a  stractme  looks 
when  examined  in  a  highly  refractive  medium  Uke  balsam,  he  may  use 
turpentine,  which  can  afterwards  be  dissipated  by  evaporation. 

Canatia  Balsam  dissotveJ  in  Beauf/e. — In  order  to  prepare  this  solu- 
tion, which  is  (ar  preferable  and  ca^er  to  use  than  otdinary  balsam,  the 
Canada  balsam  is  to  be  dried  by  a  moderate  heat  {under  aoo*  F.  in  an 
oven)  till  il  becomes  hard  and  brittle.  The  dried  balsam  nuy  then  be 
dissolved  in  benzole. 

Gum  Damar  ts  now  mitch  used,  but  I  do  not  think  it  is  as  good  as 
balsam.  Equal  parts  of  daraar  and  gtmi  masiic  may  be  disscdved  in  the 
benzole.    The  limpid  solution  may  then  be  61iCTcd  without  difficulty. 

Mciit  Tissues  which  cannot  be  dried  without  damage,  and  are  to  be 
mounlcd  in  Canada  balsam  solution,  must  be  specially  prepared  as  follows : 
—The  section  of  die  liardened  tissue  ready  for  mounting  is  to  be  soaked 
in  moderately  strong  alcohol,  and  then  tratisferred  for  a  few  minutes  to 
absolute  alcohol.  It  is  next  quickly  ri^noved  from  the  very  strong  alcohol 
and  floated  upon  the  oil  of  cloves,  oil  of  lemons,  or  other  essential  oDj 
or  on  turpentine  until  the  alcohol  has  been  expelled  and  the  oily 
medium  imbibed.  It  is  lastly  transferred  to  the  Canada  balsam  or 
d.imar  fluid,  left  for  a  time  until  e^'cr)'  pan  of  it  is  imbued  and  placed 
on  the  glass  slide.  * 

Common  Olhx  Oil  is  an  advantageous  highly  refracting  medium  for 
examining  certain  structures  in.  The  entozoa  which  may  often  be 
obtained  from  the  oily  sebaceous  matter  squeezed  from  the  follicles  of 
the  skin  of  the  no&c  or  scalp,  should  be  immersed  in  oil.  The}'  can 
generally  be  found  in  the  wax  from  the  ear.     Castor  oil  is  also  used. 

Some  tUsues  may  be  made  to  present  dilfercni  appearances  althouj^ 
mounted  in  the  same  medium.  Thus,  bone  exhibits  very  different 
characters  when  immersed  in  Canada  balsam,  according  to  the  manner 
in  which  it  is  mounted.  In  every  part  of  one  specimen,  small  Mack 
spots  of  irregular  shape  may  be  seen.  From  these  a  number  of  minute 
dark  lines  radiate,  and  inosculate  pretty  ^>ely  with  corru^ionding  lines 
from  other  spots.  In  another  preparation  tltc  entire  section  may  appear 
|»erfcctly  clear,  and  its  structure  nearly  unifonn  thrDughoul,  The  first 
affpearance  Is  produced  when  a  section  ts  at  once  mounted  in  old  viscid 
balsam;  the  second  when  it  is  imnKrsed  in  fluid  balsam,  :iftcr  havii^ 
been  previously  well  wetted  with  turpentine.  The  cause  of  these 
striking  differences  of  appearance  ts  interesting  and  worthy  of  attentive 
study.  The  little  black  spots  (lacunic)  and  dark  lines  (rannliculi)  were 
fonnerly  considered  to  be  small  solid  bodies,  and  tlie  spots  were  im- 
properly termed  bunt  wrpuscies.  They  consist  in  truth  of  little  cavities 
or  siaces  in  the  bony  lissuc,  and  contain  air.  In  the  second  specimen 
the  highly  refracting  oil  of  turpentine  passed  up  the  canaliculi  and  into 
the  LicuniE  driving  out  the  air,  thus  rendering  the  tubes  and  spaces  in- 
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Tlwu  LicuTuE  or  spaces  contained,  in  ihe  frc«h  bone,  little 
of  bioplisni  or  living  matter  (nuclei),  but  wlien  the  bone  had 
I  di7,  the  moist  material  driud  U|),  and  air  nishcd  into  the  lariin:e 
anoUi:iili  10  supply  its  ]>lace.  The  great  diiTerence  between  the 
:;iiig  powei  of  the  air  contained  in  these  tittle  cavities,  and  that  of 
iMsnundiog  bony  tissue,  g^ves  rise  to  the  daik  ap[>earance,  just  as  a 
Btr-bubblc  in  water  is  made  to  appear  as  a  minuLe  black  ball, 
(klitge  one  seems  to  have  a,  very  wide  black  outline.  The  above 
upon  the  itnicture  erf  bone  apply  of  course  to  the  dead  and 
1  lisnie  ooljr. 


niWAlING    TISSUES    rOR    MICROSCOPICAL     BXAMINATION— OP  DIS- 
StaiSC  AND  OP  CUTTiNO  THIS   SECTIONS  OF  TISSUES. 

Iti.  tr  ■■Udk  Mlaute  DbMcttMa  under  lVat«r. — Minutc  disscc- 

i  oc  osually  carried  on  under  the  surface  of  fluid  vvith  the  aid  of 

iuissors,  needles,  or  small  knives,  and  forceps.     If  the  preparation 

I  baa  [irtscrred  in  spirit  or  other  solution,  it  must  be  dissected  in  the 

fiadium,  but  in  ordinary  cases  clear  water  may  be  usetL    The 

[>isi  should  be  jirovidcd  with  a  few  small  di-slies  ^'arying  in  &ize, 

lllnitan  inch  or  more  in  depth.     The  large  built  cells,  pL  XXII, 

4  UK  781  make  very  good  uoughs  for  dissecting  under  the  surface 

fluid,  but  itnjil  circular  vessels  arc  made  on  purpose. 

lit  UMed  cvriu.— The  object  to  be  dissected  is  attached  to  a 

f}^  snuU  pins,  pi.  XXV,  tig.  2,  p.  92.     The  "loaded  cork  " 

jas  foilows  :— Take  a  piece  of  flat  cork  rather  smaller  than 

!  t^  tnd  then  cut  a  piece  of  sheet  lead  about  the  thickness  of  a  half- 

),  ind  ft  little  larger  than  the  cork.     The  edges  of  the  lead  arc  then 

orer  (he  cork  and  beaten  down  slightly  with  a  hanmier.     The 

I  MUf  aitcmrards  be  filed  with  a  rough  Ale. 

IWotgca  being  5xed  u[>on  the  cork  and  ]>laced  in  the  cell,  fluid  is 

lit  until  it  just  covem  the  surface,  pi.  XXV,  fig.   i.     A  strong 

[  ii  tlien  tondensed  upon  it  by  means  of  a  large  bull's^c  condenser, 

librae  globe  full  of  water.     I  have  always  found  that  delicate  dis- 

i  coitJd  be  made  with  the  greitc^t  facility  without  the  aid  of  a 

microsco|)c,  pro\-idcd  a  strong  light  was  condensed  ujwn  the 

Oocasional  examination  of  the  dissection  with  a  lens  of  low 

■  i>  »d*-nntageous ;  but  if  a  lens  be  employed  during  the  dissection 

is  ^cat  danger  of  accidentally  injuring  the  specimen,  as  it  is  ini* 

:  to  judge  of  the  exact  distance  of  the  needle  point  beneath  the 

!  of  the  fluid.     Muiute  branches  of  nerves  or  vessels  may  in  this 

fk  followed  out;  and  small  pieces  of  the  different  tissues  into  which 

'  an  tic  traced  may  be   removed  for  microscopical  examinatioti 

» I*ir  of  fine  scis^is,  pi-  XIX,  figs.  5,  6,  7,  p.  $2.     Membranes 
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may  be  dissected  from  the  structures  upon  which  they  lie  without  '^•y 
difficulty.      By  this   plan  the  nervous  system  of  the  smallest  insec^ts 
can  be  readily  dissected.    The  mode  of  proceeding  is  represented  in 
pi.  XXV,  fig.  I. 

1441.  TablcU  npon  which  DlBMCttons  maj  be  PlBHed  •■!. — Many 
preparations  require  to  be  arranged  in  a  particular  position  previous  to 
being  mounted  as  permanent  objects.     S/ais  of  wax  are  usually  ent- 
ployed  by  anatomists  for  this  purpose,  but  when  transparency  is  requited 
the  dissections  may  be  attached  by  threads  to  thin  plates  of  mua.    Tlie 
best  slabs  are  made  of  a  mixture  of  wax  and  gutta-percha^  in  the  pra- 
portion  of  one  part  of  the  former  to  two  of  the  latter.     The  ingredienn 
are  to  be  melted  in  an  iron  pot,  over  a  clear  fire,  and  well  stined. 
When  quite  fluid,  the  mass  may  be  poured  upon  a  flat  slab  and  alloMfij| 
to  cool.    Thin  cakes  of  about  the  eighth  of  an  inch  in  thickness  m^bs' 
thus  obtained,  and  they  can  easily  be  cut  with  a  knife  to  fit  the  cdb 
intended  for  the  preparation.     Pins  or  small  pieces  of  silver  wire  nty 
be  inserted  into  these  slabs,  and  will  adhere  firmly  although  the  sbb* 
are  very  thin. 

Cutting  thin  sections  of  Soft  Tissues. 

141.  or  SecUon  Cattcrt,  or  merotomei.     Of  •ktalnlnv  TUa  tcfr 
tloni    of    dmrent    Texturei    for    Hlcrotcoplrml    Exaaalnatlvo. — ^Tbe 

knives,  scissors,  and  instruments  required  for  cutting  thin  sectioni  of 
soft  tissues  by  hand  have  been  described  in  pp.  51,  52.  Many  aiC 
represented  in  pis.  XVIII,  p.  48,  and  XIX,  p.  52. 

It  is  scarcely  necessary  to  observe  that  for  cutting  vet)'  thin  icctioBl 
of  such  different  textures  as  muscular  fibre,  gland  structures,  and  oAer 
soft  tissues,  a  process  is  required  difierent  from  that  which  is  applkaU^jj 
for  cutting  thin  slices  of  such  tissues  as  hair,  horn,  bone,  or  te^K. 

Where  thin  sections  of  no  very  great  extent   of  tissue  are 
they  may  be  obtained  by  scissors,  p.  51,  by  the  ordinary  scalpel,  pL 
by  the  double-edged  knife,  or  by  Valentin's  knife.    Whenever  a 
section  of  a  soft  tissue  is  made,  the   instrument  employed  must  be 
thoroughly  wetted  with  water,  and  the  section,  after  its  removal,  caw- 
fully  washed,  by  agitating  it  in  water,  or  by  directing  a  stream  of  wata 
upon  it  from  the  wash-bottle,  pi.  XXVI,  fig.  5,  p.  101.     This  washing 
Ls  absolutely   necessary  to   remove   from    the  surface   of  the   sections 
liarticles  of  debris,  which  would  render  the  appearances  indistinct,  and. 
interfere  with  the  clearness  of  the  specimen  when  it  was  subjected  tci 
examination  in  the  microscope.     The  section  may  then  be  transferred 
to  the  fluid  in  which  it  is  to  be  examined  or  preserved.     If  the  spe<:=i 
men  be  immersed  in  glycerine,  alcohol,  or  other  fluid,  the  knife  must  "^a 
wetted  and  the  specimen  washed  with  the  same,  and  the  specimen  mi 
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be  allowed  to  soak  for  some  time  in  the  medium  before  it  is  examined. 
Small  watch  glasses  or  the  little  china  dishes  in  which  moist  colours 
are  sold,  are  very  convenient  for  the  purpose  of  soaking  tissues  in  fluid 
jwe\-ious  to  examination.  They  must  of  course  be  carefully  covered  by 
glass  shades  to  protect  them  from  the  dust. 

Of  Beading  Tissues  previous  to  cutting  Thin  Sections. — Under  ordi- 
nary circumstances  before  a  thin  section  can  be  cut  the  tissue  requires 
to  be  hardened.  The  best  method  adopted  for  this  purpose  is  that  of 
soaking  for  some  time  (from  one  to  four  weeks)  in  weak  solution  of 
chromic  acid.  Many  observers  have  used  alcohol,  and  other  media 
have  been  recommended.  The  tissue  when  properly  hardened  is 
removed  to  the  section  cutter,  but  before  thin  sections  can  be  satis- 
factorily obtained,  it  is  usually  necessary  to  "  bed  "  the  hardened  tissue 
in  some  medium  that  can  be  melted  at  a  comparatively  low  temperature 
but  which  becomes  hard  on  cooling.  Many  bedding  preparations  have 
been  suggested  A  mixture  of  wax  and  oil  has  been  used  Dr.  Ruther- 
ftad  recommends  a  medium  made  of  five  parts  of  solid  parafifine,  which 
may  be  obtained  in  the  form  of  parafBne  candles,  and  one  part  of  hog's 
laid 

The  piece  of  tissue  to  be  bedded  may  be  freed  from  adhering 
mCMSture  by  blotting-paper,  and  then  fixed  with  the  aid  of  a  pin  in  the 
centre  of  a  small  paper  cup,  corresponding  in  size  to  the  opening  of  the 
section  cutter.  The  parafiine,  or  wax  and  oil,  having  been  carefully 
melted  in  a  water-bath,  is  to  be  poured  out  and  allowed  to  cool,  when 
the  paper  may  be  torn  away  and  the  mass  with  the  embedded  tissue 
removed  to  the  section  cutter.  For  very  delicate  tissues  Strieker  recom- 
mends a  strong  solution  of  gum  which  may  be  hardened  in  alcohol  after 
the  tissue,  also  hardened  in  the  same  medium,  has  been  immersed  in  it. 
The  hardened  gum  with  the  contained  tissue  is  then  to  be  bedded  in 
paiaffine  in  the  manner  already  described 

Aficrofome. — The  original  form  of  the  microtome  or  section  cutter  in 
long  use,  for  making  sections  of  wood  and  other  vegetable-  tissues  has 
been  described  in  former  editions  of  this  work.  But  many  improve- 
ments have  been  recently  made  in  this  instrument  Stirling's  improved 
section  cutter  has  been  further  improved  by  others.  Dr.  Rutherford 
has  added  an  indicator,  by  which  the  thickness  of  the  section  can  be 
esttniated,  as  well  as  an  arrangement  for  freezing  tissues  which  are  being 
operated  upon.  This  instrument  has  been  made  by  Mr.  Hawksley,  and 
latterly  by  Mr.  Baker.  Further  improvements  have  been  introduced 
as  regards  the  table,  some  observers  preferring  steel  to  the  ordinary 
smooth  surface  of  brass,  while  Mr.  Needham  has  had  a  microtome  made 
with  a  plate  glass  surface.  As  regards  the  form  of  knife,  an  ordinary 
lazor  has  been  recommended  Dr.  Mathews  has  improved  the  knife  by 
having  the  shoulder  ground  down  flush  with  the  rest  of  the  blade.     It  is, 
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I  think,  better  lo  have  the  knife  or  razor  separate,  and  not  to  move  on  a 
hinge  joint  fixed  to  the  table  of  the  section  cutter. 

For  rcscarrhcs  on  the  structure  of  the  brain  and  spinal  cord,  these 
section  cutters  are  invalualile,  and  \iy  the  ftid  of  sections  cut  by  them  roost 
irajHinant  facts  connected  with  the  course  and  distribution  of  nerve- 
fibres  will  unquestionably  be  determined.  I  am  surprised  that  the 
course  of  indiviilual  ncrvc-filinrs,  bas  not  been  followed,  say  through  a 
single  convolution  of  the  brain,  oi  in  a  [Kntion  of  the  !<pinal  cord,  for  it 
is  cenainly  possible  to  do  so  at  this  time.  From  a  well-hardened  piece 
of  brain  or  cord,  numerous  sections  might  be  removed  one  after  the 
other,  and  each  one  carefully  mounted  in  the  same  [wsition,  and  in  the 
same  manner.  By  examining  these  one  after  the  other,  it  would  be 
jKissible  to  trace  many  fibres  in  their  course  through  a  piece  cf  nenous 
matter,  as  much  as  half-aninch  in  thickness.  With  the  aid  of  careful 
sketches  il  would  be  even  possible  from  the  facts  learnt  by  examining 
the  individual  sections  to  gi\x  an  accurate  rcprcsemation  of  the  course 
taken  by  the  fibies. 

/renins  Tissues  prior  io  aiUiH%  thin  Sections. — The  plan  of  freezing 
tissues  for  obtaining  very  thin  sections  is  an  excellent  one  and  hence- 
forth will  no  doubt  be  very  extensively  employed.  Dr.  Pritchai^  has 
recently  suggested  a  most  convenient  plan  for  freezing  tissues  and 
cutting  very  thin  sections  when  congelation  is  comi>lete.  By  this  pToce» 
thin  sections  of  perfectly  fresh  tissues  may  be  readily  ol>tained  Dr.  Pn'r- 
chard's  instrument  consists  of  two  parts — {t)  a  metallic  cylinder  fitted 
with  a  wooden  handle  ;  (?)  a  cap  of  thick  felt. 

(i)  The  metallic  cylinder,  which  is  solid  throughout,  should  be 
made  of  coii|)cr  on  account  of  its  conductivity,  but  gun  metal,  or  crcli 
brass,  will  answer  the  purpose  sufficicnlly  well.  Its  exact  size  or  shape 
ts  not  of  very  much  cnnsetpicnce,  so  that  il  is  lai^  enough  and  con- 
Tenient  to  handle.  The  following  dimensions  are  recommended : 
diameter  of  metal  cylinder  ig  inch,  length  \\  inch ;  the  diamcti-r  of 
iJie  end  of  the  wooden  handle  should  also  U;  i|  inch;  the  plug  end 
should  taper  gradually,  and  the  hole  in  the  mct-il  be  a  deep  one,  so  that 
the  plug  may  be  pushed  further  in  when  the  mcul  contracts  on  cooling. 
Both  the  wu4>den  and  metallic  ends  are  made  flat,  so  that  the  instrument 
can  ftand  on  cither  extremity ;  on  the  metal  surface  are  a  scries  of  half 
a  doEcn  concentric  shallow  grooves. 

(i)  Is  simply  a  cap  of  thick  felt,  such  as  ts  used  for  boilers  being        , 
preferable,  made  so  as  to  fit  somewhat  loosely  over  the  machine  (i).  m 

L       Mode  of  using  the  machine. — Plunge  (i)  with  metallic  face  down-      " 

Is  into  ■  mixture  of  finely  pounded  ice  and  salt;  after  remaininj: 
itcrcin  f<>r  three  or  four  minutes,  lakcil  out  and  wi|)e  wjih  a  clean  cloth. 
The  instrument  has  now  been  cooled  down  for  below  the  ftee/ing 
point,  and  on  placing  upon  the  metal  pUte  a  piece  of  soft  tissue, 
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t  imiDHltBiely  freezes  to  the  machine.  The  cap  (a)  must  now  be 
rcrl  nvct  the  mclal,  but  not  allowed  to  touch  the  lisswc,  which 
Q  then  freeze  throughout  in  a  very  short  space  of  time,  varying 
cording  to  the  size  of  the  tissue^  from  a  few  seconds  to  one  or  two 
brates.  Now  reverse  the  cap  so  as  to  leave  the  metallic  to])  free,  and, 
EiklinR  the  whole  in  the  left  hand,  cut  the  sections  wiili  the  right  by 
lOBK  of  a  shar|>  nun>i  which  has  been  kept  cool  tn  ice  and  water, 
teaaionally,  the  tissue  may  slip  on  the  metal ;  when  this  is  ihc  case, 
move  the  prtparnlion,  myistcn  it  with  gum-water,  and  replace  it,  when 
iwiflbeftwnd  to  .idhere  with  much  greater  6rmne$s.  'Iliis  slipping, 
Jioirw,  vciy  raretjr  occurs  with  perfectly  fresh  tissues,  the  grooves  oa 
the  tDtfallic  surface  tending  to  imtcwm  it.  The  tissue  will  remain  frozen 
4{Qiie  long  enough  to  make  several  score  of  sections,  but  should  a  thaw- 
b^utkm  set  in,  it  may  he  covered  with  thin  gittta-percha,  and  the 
Badnncii^n  plunged  into  the  ice  and  sah. 

TV  cooling  may  also  be  effected  by  allowing  a  jet  of  condensed 

pt  to  ptey  upon  the  metal  for  a  few  seconds.    The  nitrous  oxide  now 

•o  Imdy  used  by  dentists,  is  sold  in  iron  bottles  provided  with  a 

.  ind  is  very  convenient.    A  small  jet  has  to  be  adapted,  and 

whole  is  ready  for  use. 

iL^ontigc*  of  Dr.  Pritchord's  little  instrument  arc,  first  of  all,  its 

■\  ;  and,  secondly,  the  rapidity  with  which  tissues  may  be  frozen 

'u,^^z^iM.     To  illustrate  the  quicltncss  of  its  action,  it  is  only  necessary 

ID  drop  a  liiilc  water  on  the  cooled  metal  to  convert  it  immediately  into 

ke.  Vx  apparatus  may  be  made  by  any  instrument  maker  or  metal 

tma  (ut  2  few  shillings,  or  it  may  be  obtained  of  Mr.  Baker,  of  Hol- 

tera.«ul  Mr.  Swift,  of  L'tiirersity  Street,  and  oilier  in^^trumvnt  mnkcrs. 

'  ■       'I  arrangement  is  obtained  by  fixing  the  old   brass 

:  ,    .nted  in  pi.  XXV,  fig.  6,  p.  92,  in  the  centre  of  a  small 

(Wtfc  wooden  tub^  so  that  the  screw  can  be  worked  from  below.    The 

•balUJcd  with  ifc  and  salt,  and  the  bra<is  pble  will  be  sufficiently  cold 

«  I  few  minutes  to  freeze  small  portions  of  tissue   placed  upon    it 

Ual)',  lSc  freezing  section  cutter  has  been  further  imprrnxd  by  Mr. 

VHims.  whose  apparatus  is  represented  in  pt.  XXV,  fig.  7,  p.  93,  and  is 

toW  obtained  of  Mr.  Swift. 

III.  Cnitlnir  Scvtloao  un€  baBdlliic  Boillrii  ttndtr  tlir  Tfirrot^rnpe.^ 

l^TiJi  fnclicc  the  obsL-rvt-T  may  carrj' on  a  dissection  under  the  micro- 

n^    ll  i»  not  dinicult  to  work  under  an  inch,  and  under  a  half  inch 

s  b  p^Miblc  lo  difcsect  with  the  aid  of  a  fine  knife  or  very  sharp  needles. 

T\.  f-"t/if,  p.  7,  must  be  employed,  or  the  obser\'er  must  leam  to 

ough  e%'cryiJiing  appears  reversed.     Various  instrumenw  have 

Ua  {rD{H)sed  to  aid  the  observer  In  dissecting  or  removing  specimens 

ut  highly  inagnlfted 

^1  Ustrummi  /or  muking  seetians  on  the  tiagc  ttf  the  murosiope. — 
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V.  Hensen,  who  has  made  some  beauliftil  observations  on  the  ori^n  of 
heuing  of  crusLicea,  has  designed  an  ingenious  inslruraent  for  makins 
thill  sections  of  lUsucswhile  in  the  field  of  tht  nxicroscope.  ("Schultxc'i 
Archiv.,*'  April,  1866,  vol.  I!,  p.  46.)  Under  a  power  of  fifty  diameters 
an  extremely  thin  section  of  textures  of  a  certain  hardness  may  be  made 
with  facility.  'I"his  instrument,  which  I  have  not  yet  seen,  is  made  by 
Heckmann,  of  Kiel,  and  co&ts  seven  ihalcrs,  or  about  a  guinea. 

Mtehanual fingp: — Professor  Smith  has  made  an  instnimcnt  which 
he  terms  a  mechanical  fmger,  of  some  value  for  some  kinds  of  micro- 
scopical work  ("  SiLliman'a  Journal)"  No.  123).  By  an  arrangemeni  of 
springs  and  levers  a  small  bristle  can  be  caused  to  move  or  take  up  any 
minute  object  while  it  is  being  examined  under  the  object-glass.  An 
object  in:iy  be  selected,  raised  from  the  slide,  and  held  while  a  clean 
slide  is  placed  in  position  to  receive  it-  This  instrument  has  been  made 
by  Mr.  Baker,  of  Ilolbom.  Dr.  Maddox  has  suggested  a  slight  modi* 
fication,  by  which  the  instrument  is  somewhat  improved  and  simplified. 
Although  the  mechanical  finger  maybe  of  value  in  speda)  investigations, 
the  general  observer  will  not  require  it,  and  the  thorough  student  will 
jirobably  acquire  such  dexterity  in  handling  sjiecimens  while  ihcy  are 
in  the  field  of  the  microscope  that  he  will  not  feel  tlie  want  of  any 
mechai)ical  3p)>aratus. 

I4iy.  Dlaarrtlnff  TisBMtH  ondvr  tb«  MIrrtwrope  witli  tbe  mXA  nf  ibe 
<:MM|irc>suriutii.  In  many  cases  the  obstn-cr  may  desire  to  clissi-it 
an  cxtK-mcly  delicate  structure  utidfr  the  murvs/»fit,  for  in  this  way 
much  information  can  often  be  acquired  with  reference  to  the  exact 
relation  existing  between  tlie  siruaural  elements  of  the  tissue.  This 
object  n\ay  W  gained  by  means  of  a  little  insmimeni  termed  a  atrnprtt- 
urwMt  which  coruiists  idroply  of  a  convenient  arrangement  by  which 
pressure  aui  be  applied  to  an  object  while  under  examination,  pi.  XXV, 
figs.  J,  4,  p.  97.  '("his  pressure  being  applied  gradually,  the  texture  be- 
comes frajird  out  as  it  were,  and  particular  structures  con  often  be 
trued  out  from  a  tissue,  and  demonstrated  more  distinctly  than  by 
any  other  method. 

The  structure  of  the  compressorium  is  %-er)-  sixnplc.  Many  diffciwt 
forms  have  been  recommended,  one  of  the  simplest  consisting  ofa  thick 
Xinsi  pUte  with  a  hole  in  the  centre  to  admit  the  light.  On  one  side  uf 
this  is  the  lulcnim  of  a  1c\tt,  the  short  end  of  which  acts  upon  a  circular 
ring  onyin^  the  thin  glass  to  co^tr  the  preparattoo.  while  to  the  longer 
arm  is  attached  a  screw,  which  \^'  being  turned  causes  the  thtn  glass  to 
t>c  pressed  t^tly  u]M>n  the  t>bje(-t  placed  u])on  a  pine  of  plate  gltfs 
fitted  into  the  bote  in  the  plate  of  the  eompressotium.  A  more  perftct 
form  01  initmnK'ftt  has  been  arranged  by  Mr.  Htghley.  It  is  r.  -. 
acniod  in  pi.  \  W,  fig.  4.  The  plate  glass  b,  is  was  just  staictl,  u- 
fUcd  in  the  hole  in  the  bcass  pbte^  but  it  is  nwre  conTcnient  to  have  a 
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yM  aiiadied  to  one  side,  $a  thai  an  ordinary  plau-gljus  slide  mny  rest 
gpgniL  With  siich  an  arrangement,  (he  tissoe  to  be  examined  can  be 
4pij  xs  nu;  be  thoaght  <U-^iniblc,  u|>oti  any  pan  of  the  glass  before  it 
^ipBored  to  the  comprussorium.  A  very  coDTcnieni  form  of  compres- 
ynittfi  '^  rccomiDcndtjd  by  M.  Quatrcfages,  in  which  it  is  possible  to 
gjnune  the  obje<:t  upon  dthcr  side.  The  compressorium  tuis  also 
^  modified  by  Mr.  Ross  so  thai  the  object  may  be  placed  between 
BOpitccsof  ihin  gla^s,  and  citlier  side  of  it  subjected  to  examinaiion 
OBto  very  high  ^rawen.  Mr.  Beck,  1  think,  improved  upon  the  ]ilan 
tiiftod  by  Mr.  Ross. 

Muss.  Powell  and  I-caland  have  made  for  me  upon  this  plan  an 
CKcIlcBt  compnssoriuni  ihat  may  be  used  with  very  thin  gla&s  and  is 
nmnitnictcd  that  l>oth  sides  of  the  object  may  be  examined.  By  the 
adoftlii-  ..nt  I  have  been  able  to  gradually  fray  out  iLssiiei  by 

Bcnninj  lire  frcim  day  (o  day  and  thus  follow  out    the  most 

McMC  ramifications  of  nerve  ftbn,-s  amongst  the  elements  of  the  tissae. 
I»  fBttlHK  Srrilaiw  ofTtMiiM  wklrli  luire  iie«a  ttrvvloualj' drtm. 
— THctc  aif.  hiiwc'vci,  many  tissues  of  which  sections  cannot  be  ob- 
iMRdiit  this  simple  manner.     It  is  almost  impossible  to  cut  sections 
'    '*  T'.tnibninous  textures  perpendtcuiar  to  the  surface,  sufficiently 
umiratioo.     In  such  cases,  we  may  pin  out  llie  texture  upon  a 
bwiihcn  perfectly  fresh,  and  expose  it  to  the  atmosphere,  or  over  sul- 
piok&iid  under  a  bell  jar,  pL  XXI V,  fig.  5,  p.  88,  until  it  is  quite  dry. 
T)iin»prtionsmay  then  be  cut  ver>' easily,  and  upon  being  moistened 
.'  they  will  resume  thtrir  recent  appearance.     The  very  delicate 
..^. ,...  iiisue  of  the  retina  may  be  cut  into  ver)-  thin  sections  by  drying 
DvqK  after  it  has  been  cut  open,  and  pinned  out  Bat  on  a  board. 
TheTrrcoas  humour  is  not  10  be  entirely  removed,  as  it  protects  the 
RDoi  ind  dries  up  with  it     Very  thin  sections  of  the  skin  of  various 
vaBik.  certain  vegetable  tissues,  and  of  many  other  textures  inay  be 
flbiauud  by  ibis  process.     This  method  of  cutting  thin  sections  has 
loKKr given  place  to  the  process  of  freciing  and   cutting  with  the 
tiDOtome,  p.  94- 

■  :i  H«r4rninictbFTl«aur. — Some  textures  reciuire  different  ircalmcnl 
■  i  torrmtcr  ihtrtn  sutliciently  hard  to  enable  u-s  to  cut  thin  sections. 
Kahng  in  water  is  sometimes  useful  Tor  iJiis  purjiose.  Some  tissues 
mf  be  Inrdencd  by  being  soaked  in  alcohol,  or  chromic  acid,  or  in 
HffleriSnid  (sulphate  of  soda  1  part,  bichromate  of  potash  3,  water 
im).  Koi  a  few  require  special  modes  of  treatuient,  which  are  ap- 
to  tfaeni  alone.  See  part  V[,  where  ihe  use  of  various  solutions 
)iv4csiag  and  their  cumpusition  is  described. 

Cutliftg  tAi»  Seciicns  of  Hard  Ttisues. 

^\  B(  HRkiDB  Tkin  srrtioDit  or  Drj  Bsne.— For  obtaining  thin 
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secrions  of  1)onei  a.  totally  diflereiu  {iraccss  is  requisite  In  the  first 
place,  a  section  as  thin  as  passible  ta  removed  from  the  bone  with  the 
aid  of  a  thin  shor])  saw,  pi.  XXV,  hg.  8,  p.  92.  This  may  be  made 
somewhat  thinner  by  a  file,  and  afteruards  ground  down  to  the  required 
degree  of  tt-nuity  upon  a  hone.  The  best  stones  for  this  purpose  are 
the  Arkansas  oil  intones  or  the  Turkey  Mones  which  have  been  ground 
perfectly  flat  The  section  may  be  kept  in  contact  with  the  stone  by 
the  ]jres5ure  of  the  thumb  or  finger,  or  with  a  piece  of  cork,  by  whkfa 
the  skin  of  the  finger  may  be  saved,  or  lastly,  it  may  be  rubbed  between 
two  bones,  one  of  which  is  much  smaller  thsin  the  other. 

The  section  is  to  be  ground  down  with  the  aid  of  a  Utile  water,  and 
when  sufficiently  ihin  it  may  he  subjected  lo  examination  in  the  micro- 
scope. It  will,  however,  be  found,  th;u  the  lieauty  of  the  tissue  is  com- 
pletely obscured,  owing  to  the  number  of  scratches  upon  its  surface 
These  may  be  removed  by  rubbing  the  section  first  upon  a  very  smooth 
dry  hone,  and  aAcrwaids  upon  a  piece  of  plate  glass.  After  the  piece 
of  bone  has  been  properly  polished,  no  lines  will  be  seen  upon  it,  when 
it  13  examined  in  the  microscope. 

IBS.  Tevtb. — Sections  of  dry  teeth  cannot  be  advantageously  pre- 
pared in  the  m.inner  just  described,  owing  to  the  very  brittle  nature  of 
the  enamel.  The  better  way  is  to  grind  the  tooth  down  with  the  aid  of 
a  dentist's  lathe  until  a  section  sufficiently  thin  be  obtained. 

Sections  oi  fresh  bone  and  teeth  may  be  prepared  moist  so  as  ID 
'show  many  very  important  points  in  their  structure  and  mode  of 
growth,  according  to  the  plan  described  in  part  VI.  After  they  hare 
been  soaked  for  some  time  in  glycerine  and  acetic  acJd  (10  drops  lo 
the  ounce),  very  thin  shavings  e\-en  of  enamel  may  be  obtaincti  with  a 
strong  sharp  knife.  The  calcareous  matter  may  be  dissolved  out  from 
specimens  hy  hydrochloric  acid  diluted  with  water  or  glycerine  <  i  pMt 
to  from  3  to  10  parts),  and  sections  of  the  decalcified  matrix  easily  cut 
with  a  sharp  knife. 

i>4.  Hpt-tiniiK  or  flbriia  of  many  of  the  tower  animals,  and  the  hard 
shells  and  stones  of  fruit  may  be  made  in  the  manner  above  described 
by  grinding  on  a  hone,  but  very  hard  textures,  such  as  fossil  wood,  must 
be  obtained  of  the  la|>idar)-.  Stf  also  "  Of  examining  nuncrals  and 
ibssils,"  in  part  1 1 1. 

iMk  ■•m  and  Hair. — Thin  sections  of  horn  and  textures  of  thb 
description  may  be  cut  without  ilifiicuUy  ^"i^  >  sharp  strong  knife, 
pL  XIX.  fig.  4,  p.  52. 

Hair. — There  are  many  waya  of  Qbiaii^^^?-  tiun  Uaasverse  sectkms 
of  hair.  A  number  of  hain  ros^v  v^  MtJ^c^  together  with  a  littie  gun 
or  glue,  so  as  to  form,  when  dry  a  r  rttv  ^*^  wass.  Tliin  sections  of 
this  ran  be  readily  made,  with  a  ^  vv*^^^  5Tvd"\n  any  direction,  tni» 
vctsc,   ol'liju^   or  longitodiruL.^       ^a  "<>*  '\n&vid>iai  ^iecu  Ttiay  be 
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■nted  froni  each   other,  bjr  the  application  of  a  drop  of  water. 

t  may  be  luoUDlcti  in  fluid,  or  dried  and  [ireserved  in  glycerine,  or 

,  babam,  $  143.     Another  method  is  this  : — 'Ilie  hairs  are  to  l>c 

■red  between  two  pieces  of  cardboard,  or  between  two  Sat  pieces  of 
■Jiiiind  when  tightly  prcsscd  in  a  vice,  thin  sections  of  the  hair,  in- 
eludu^  the  cjidboard  and  cork,  can  be  ohLaincd  with  a  «harp  knife, 
faortting  thin  transvcrw  sections  of  hair,  my  friend,  the  late  Professor 
W(J<r. '  " '  '  iidoptcd  a  vcr>-  simple  cxiJcdit-nl.  He  used  to  advise 
ftiit^'C  "lid  he  shorn  v«y  closely,  and  then  after  a  few-  hours 

ihim  a^in.  In  this  way  cxces5iv4.*ly  thin  sections  of  hsur  in  great 
■nbos  may  be  ohliiined  ^inthout  difficulty.  After  being  removed  from 
Ac  bUier,  they  on:  to  be  well  washed  in  distilled  water  and  dried  at 
the  otdiiur)'  temperature.    The  razor  should  be  well  liharjicned. 

IM.  •■  CsKtlBS  Bcetloiu  D(  WmhI  and  Tczturf*  of  UiBt  CharRrtcr. 
— Tlin  wrtions  of  various,  woods  and  other  textures  of  a  certain  degree 
d  nnnncss  may  be  cut  with  the  aid  of  the  simple  microtome,  which  is 
RjcecDicd  in  pi  XXV,  fig.  6,  p.  9a.  After  having  been  allowed  to 
mkfotiome  time  in  water,  the  wood  ts  placed  in  the  hole,  and  kept  In 
iB(«u!ion  by  the  ndc  screw.  Upon  turning  the  side  screw  the  wood 
b  (cKs]  attove  the  brass  plate.     A  clean  secrion  is  now  made  with  a 

rfuipinronc  knife  or  razor.     By  tumini-  the  screw  lH;ncalh,  very  slightly, 

thr  wDo]  is  fatceti  alcove  the  surface  of  the  brass  plait^  and  thus  a 
jtt&OB  of  any  required  thickness  may  be  obtained.     See  also  p.  94. 
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tBrfmc  ve  catt  ascetutn  the  nature  of  a  deposit  suspended  in  a  fluid, 
B  Btocsniy  to  separate  as  much  of  it  as  possible,  and  to  collect  it 
Ipaaull  space  Diffused  as  the  deposit  often  is  through  a  large 
bd:  ei  fiiiid,  the  observer  would  scarcely  be  surjirised  if  he  failed  to 
&i%iii&h  it,  when  a  drop  was  placed  under  the  microscope. 

IV  onlinary  method  of  scpanling  deposits  from  fluids  is  by  fittra- 

t3»  The  anangemcftt  of  the  funnel  and  the  mode  of  folding  the 

ja|ifl,  fflt  filtering,  are    shown  in  pi  XXVI,  figs,    i  and  9,  p    100. 

HtnetiB,  however,  will  not  answer  for  microscopical  purposes,  when  a 

nut  trKt>  of  deposit  has  to  be  collected  from  a  large  quantity  of  fluid. 

Morcoi-H,  panicles  from  the  fiitenng  paper  often  become  mixed  with 

tbc  dcponl  and  thus  the  specimen  may  l>e  spoilt  by  the  presence  of 

nOiDenu  matters.      It  will,  therefore,  be  necessary  to  adopt  some 

et{<dients. 

Ul  CmImU  ClMWiL — In  order  to  collect  the  deposit  for  mkro- 

lation.  the  fluid  containing  it  i»  placed  in  a  conical  glass 

of  which  is  narrow,     it  should  not,  however,  termirL-iie 

aa  lOaal  point  but  rather  in  a  slightly  rounded  extremity.     After 
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standing  for  some  hours,  the  depiosit  falls  to  the  narrow  portion  of  the 
glass,  and  may  be  removed  with  the  pipette.  A  useful  form  of  conical 
glass  is  represented  in  pi.  XXVI,  fig.  3. 

IBS.  Tbe  Pipette  consists  of  a  glass  tube,  about  ten  inches  in 
length,  the  upper  extremity  being  slightly  enlai^ed,  so  that  the  finger 
may  be  conveniently  applied  to  it,  and  the  lower  orifice  contracted,  so 
as  to  be  about  one-tenth  of  an  inch  in  diameter.  It  is  convenient  to 
have  a  ridge  around  the  glass  tube,  about  three  inches  from  its  npper 
extremity.  This  enables  one  to  hold  the  tube  firmly  between  the  thomb 
and  middle  finger,  pi.  XXVI,  fig.  2. 

lft».  RemoTlnR  the  Depasit  wlCb  ttie  Pipette. — The  removal  of 
the  deposit  is  easily  effected.  The  pipette  is  held  by  the  middle  finger 
and  thumb,  while  the  index  finger  is  firmly  applied  to  its  upper  extremity. 
The  point  is  next  plunged  beneath  the  surface  of  the  fluid  and  carried 
down  to  the  deposit,  a  portion  of  which  will  rush  up  the  tube  If  the 
pressure  of  the  finger  upon  the  upper  extremity  be  slightly  relaxed.  The 
deposit  having  entered  the  tube,  the  pressure  is  re-applied,  and  the 
deposit  contained  in  the  pipette  can  be  removed  from  the  bulk  of  the 
fluid,  pi.  XXVI,  fig.  3. 

160.  On  Separatlnir  the  Coarse  from  tbe  Plner  Pardclea  »€  a 
Depoilt. — Many  deposits,  by  being  diffused  through  a  lai^e  quantity  of 
water,  may  be  separated  into  several  portions  according  to  their  density. 
The  fluid,  with  substances  suspended  in  it,  is  -well  stirred,  and,  after 
being  allowed  to  stand  for  a  very  short  time,  all  but  the  deposit  b 
poured  off  into  another  vessel.  In  this  the  fhrid  is  J^n  allowed  to  stand 
for  a  short  time,  and  again  poured  off!  This  process  may  be  repealed 
several  times.  In  the  first  glass,  only  the  coarser  particles  will  be  found ; 
in  the  second,  slightly  finer  particles ;  in  the  third,  still  finer  ones,  and 
so  on  ;  a  longer  period  being  allowed  for  the  subsidence  in  each  succes- 
sive  case.  The  coarse  particles  may  also  often  be  separated  from  finer 
ones  by  straining  the  deposit  through  muslin. 

Various  preservative  solutions,  which  I  have  already  described,  an 
applicable  for  preserving  deposits  from  fluids.  Many  sedimentaiy 
matters  may  be  mounted  in  Canada  balsam. 

161.  Meparstlon  of  Deposit  when  tsit  small  In  qnantltr. — Where 
the  deposit  is  exceedingly  small  in  quantity,  and  diffused  through  a  gie«>: 
bulk  of  fluid,  a  s%ht  modification  of  the  above  plan  must  be  rcsoTte<3 
to.  The  pipette,  containing  as  much  of  the  deposit  as  can  be  obtaine<l_ 
is  removed  from  the  glass  vessel  containing  the  bulk  of  the  fluid.  Itis 
contents  are  prevented  from  escaping  by  the  application  of  the  finger  Xm 
its  lower  orifice.  The  upper  extremity  is  then  closed  with  a  small  coiIk 
Upon  now  removing  the  finger  from  the  lower  orifice,  of  course  no  fluL'« 
will  escape.  The  pipette  is  allowed  to  stand  with  its  mouth  downwanS 
upon  the  glass  slide,  in  which  position  it  may  be  permitted  to  remiS 
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some  hours,  either  being  suspended  with  a  string  or  allowed  to  lean 
against  some  upright  object     It  is  obvious  that  under  these  circum- 
stances the  most  minute  deposit  contained  in  the  fluid  will  at  length 
gravitate  to  its  lower  part,  and  be  received  up>on  the  slide,  without  the 
escape  of  much  of  the  fluid.     Or  the  sediment,  having  been  allowed  to 
subside  in  a  conical  glass,  may  be  poured  into  a  very  narrow  test  tube. 
Upon  a  glass  slide  being  applied  to  the  open  end,  the  tube  may  be 
ioTCrted,  and  the  deposit  will  gradually  collect  upon  the  slide.    The 
arrangement  will  be  understood  by  reference  to  fig.  6,  pL  XXVI,  p.  roo. 
According  to  either  of  the  above  methods  any  insoluble  substances 
difiused  through  fluids  can  be  easily  collected  for  the  purposes  of  the 
microscopisL    Shells  of  the  diatomaceae  may  be  collected  for  micro- 
scopical examination  by  being  diffused  through  a  considerable  quantity 
of  water,  and  after  subsidence,  separated  in  the  manner  above  de- 
scribed. 

in.  Exmatlnau«n  mt  tbe  DepaslL — The  deposit  removed  by  the 
pipeOe  may  be  transferred  to  the  thin  glass,  tinfoil,  or  Brunswick  black 
odU,§|  115  to  118,  and  submitted  to  examination  in  the  microscope. 
The  aiiinalcule  cage,  p.  76,  will  also  be  found  very  convenient  for  the 
eomuution  of  deposits  from  fluids,  and  it  serves  the  ptirpose  of  a 
compTessorium  when  a  very  great  amount  of  pressure  is  not  required. 
It  is  important  that  the  shoulder  of  the  animalcule  cage  upon  which  the 
com  fits  should  be  at  least  as  wide  as  the  one  flgured  in  pi  XXII,  fig.  7, 
pL  78,  otherwise  when  the  glasses  are  not  cleaned  immediately  after  use, 
soIutioDS  which  have  been  examined  are  apt  to  dry  and  thus  the  removal 
of  the  cover  without  fracture  of  the  glass  is  very  difficult 

Ml.  WMta.k«ttie. — In  many  operations,  especially  in  washing  de- 
posits previous  to  microscopical  examination  and  in  filtration,  the  wash- 
bottle  used  by  chemists  is  of  great  use,  as  by  it  a  stream  of  water  of 
any  required  degree  of  force  can  be  easily  directed  to  any  particular 
point,  either  for  the  purpose  of  washing  away  foreign  particles,  or  for 
reoMving  part  of  the  deposit  itself.  The  wash-bottle  is  also  of  great  use 
m  preparing  sections  of  sofl  tissues  for  observation.  It  is  made  by 
inserting  a  cork  into  an  ordinary  half-pint  bottle.  Through  the  cork 
pass  two  tubes,  bent  at  the  proper  angle.  The  longest  terminates  in  a 
contracted  orifice,  while  its  other  extremity  reaches  down  to  the  bottom 
of  the  bottle.  The  shorter  tube  reaches  only  to  the  lower  part  of  the 
cofic,  pL  XXVI,  fig.  5.  By  blowing  through  the  shorter  tube,  air  is  made 
W*  press  upon  the  surface  of  the  water,  which  is  thus  driven  up  the 
longer  tube  and  may  be  projected  upon  any  point  desired 

■  The  observer  must  have  a  stock  of  Jttia//  tubes,  about  two  inches  in 

■  '">gth  and  a  quarter  of  an  inch  in  diameter,  like  those  used  by  homoeo- 

■  P«fa  for  the  preservation  of  their  globules,  fig.  8,  pL  XXVI,  and  several 
I       SMfl  iBttfoi^jSjjj^  of  different  sizes. 
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The  anangement  of  the  minute  vessels  or  capillaries  disiribmed 
the  ?ariou8  textures  of  man  and  animals  is  not  to  be  demonstrated  in  al 
instances  without  spccbl  preparation,  in  consequence  of  the  transparency 
of  the  walls  of  the  tubes.  Indeed,  in  an  ordinary  cxaminatioa  of  many 
a  tissue  in  the  microscope,  one  often  foils  to  detect  Ac  least  trace  of  any 
structurt!,  althuugh  it  may  he  almost  entirely  composed  of  distinct  fibres 
and  vessels.  Some  even  yet  maintain  the  opinion,  that  the  capillaries 
arc  to  be  looked  upon  in  the  light  of  mere  channels  in  the  interstices  of 
the  tissues,  rather  than  as  tubes,  with  their  own  proper  walls.  But  if 
this  view  were  correct  we  should  not  meet  with  the  perfectly  circular 
outline  which  the  section  of  a  capillary  vessel  that  has  been  properly 
injected  invariably  presents ;  nor  should  we  be  able  to  obtain  capilLiries 
com[)lctely  isolated  from  other  tissues,  as  we  may  sometimes  succeed  in 
doing. 

■««.  or  Natural  uid  .irtlcirlal  injeriiona. — ^otnetimes  the  capillary 
vessels  remain  turgid  with  blood  after  the  death  of  the  animal,  and  a 
natural  injeetion  rvsuits.  Natural  injections,  however,  are  accidental 
and  cannot  be  obtained  with  any  certainty  in  the  case  of  evcr>'  texture. 
In  order,  therefore,  to  invc^^tigate  the  arrangement  of  minute  transparent 
resseb  of  any  lutvd,  it  is  necessary  to  colour  them  or  to  resort  to  the 
process  of  artifiaai  injection,  by  which  a  certain  quantity  of  coloured 
nuterial  nuy  be  forced  into  them.  In  some  ca.scs  by  simply  mafcing 
a  hole  in  the  tissue  and  in.scrting  ihe  point  of  the  s)Tinge,  the  injection  may 
be  fbiced  at  once  into  the  minute  vessels,  but  in  the  case  of  the  tissues 
of  luan  and  the  h^her  animals,  we  can  fix  the  pijte  of  the  syringe  into  a 
large  vessel  from  which  the  injection  will  jiass  tu  smaller  ones.  Frum 
a  large  arterial  trunk,  the  injection  will  often  immediately  peneuatc 
to  the  smallest  vessels  and  sometimes  even  return  by  the  veins. 

The  injecting  material  cm])loycd  may  be  o/>oque  or  transpamtt, 
eoloured  OT  eoiour/as.  In  the  first  case  the  injected  prcparaiions  can 
only  be  examined  by  refieetai  light  as  an  opa^tu  ohjat,  p.  22,  while  otitk- 
parent  injections  may  be  subjected  to  examination  by  transmitted  figMi, 
\i.  23,  as  well  as  by  r/Hedtd  light.  Examples  of  opacjue  and  transparent 
injections  in  which  different  substances  have  Wtn  employed  ascolounne 
mailers,  can  be  purchased  at  all  the  microscope  makers.  Ste  list  al  liie 
end  of  the  volume.  Every  sludenl  is,  however,  strongly  recommended 
to  leam  to  make  injected  pre|>aration8  for  himself. 

MS.   ■•Htnuucnu   rr^nlrvd    fur  MakInK  InJcclIWM. — The   different 
instruments  required  for  making  artificial  injcaiona  arc  the  following : — 
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An  mjfdirtg  syrimjif,  of  about  the  capacity  of  one  ounce  or  even  half 

tn  Quncc,  )i).   XXVIl,  fi^is.  4,  5.     The  pision  of  the  injecting  syringe 

dwMikl  be  covered  with  two  pieces  of  leather,  which  may  he  vcrj-  easily 

I  icmove>d  and  replacetl,  fig.  t.     The  first  piece,  d,  l<t  applied  and  screwed 

dowo  with  a  braw  button,  b.     The  piston  is  then  passed  down  the  tube 

and  foro^d  uui  at  the  lower  opening.     'I'he  second  pece  of  leather,  c^  is 

tiien  put  on,  and  fixed  in  tu  place  by  another  button,  e.     In  the  syringes 

DOW  made  for  me  by  Mr.  .\fallhuws,  the  piston  consists  entirely  of  metal 

I   bari:  toumi  syririges  uf  this  description    work   perfectly  for   twenty 

yamn.     The  oetcsuty  for  leleatbering  is  obvuted,  but  they  are  rather 

apeiisive. 

Mr.  Robertson  of  Oxford  has  lately  added  a  second  collar,  fig.  5, 

pi  XXS'^II,  p.  104,  to  the  injecting  5i>Tingc,  so  that  the  two  first  fingers 

can  btmly  hold  the  syringe  while  the  piston  is  raised  and  depressed  with 

iSc  ihurab.     By  this  Iktlc  alteration  the  syringe  can  be  tilled  and  cn- 

[irlctd  with  the  right  hand,  while  the  left  is  quite  free  to  hold  the 

y,^^  .A  the  right  position. 

Pifa,  of  different  sizes,  to  Insert  into  the  vessels,  figs.  10,  it,  pi 
XXVIL    Tfie  tubes  of  the  smaller  pipes  should  be  made  of  silver. 

Crnb,  of  the  form  represented  in  tig.  3,  for  the  purpose  of  plugging 
pipts  wtulti  the  syringe  b  being  6lled  with  injecting  Huid.  A  stopcock, 
fig.  9,  t>  also  useful  for  the  ^-unc  purpose. 

Jjrv^,  of  the  form  shown  in  6g.  2,  which  are  known  to  surgical 
iadnnaent  makers  u  knits  ncu  fare^i,  for  stopping  up  any  vessels 
ihott^  «bicJi  the  injection  may  escape  accidentally. 

AXtJ/e,  of  the  form  of  the  anrurirm  aeeJig  used  by  surgeons,  for 
pusang  the  thread  round  the  vessel  to  tie  it  to  the  pipe  which  is  in- 
lenal  bui  il,  d-^.  1 2.  'lliis  needle  mny  be  made  of  an  ordinary  darning 
oeedlt;  which  has  been  carefully  bent  round  after  having  been  heated 
in  (be  flanc  of  a  larap^  The  fArrati  which  is  used  should  be  strong  but 
CAi  In  tiiin,  as  there  would  be  danger  of  its  cutting  through  the  coats 

oftbcTCSKl 

IH  ]«)M*t«"  CmMu. — Size  or  gelatine  is  used  as  the  material  in 
ifcr^  ■  v  colouring  matter  is  suspended.     It  must  be  melted  in 

i«x  ;  .irraincd  immediaicly  before  use.     'i'he  copper  injecting 

aa  faau  1  Tcry  convenient  ap|>aratu$  in  which  to  melt  the  gelatine. 
Thai  arc  five  cans  in  the  bath,  rei)rcscnied  in  fig.  6,  pi  JQCVll,  so 
tku  in)KXJofl  may  be  very  conveniently  transferred  from  one  into  the 
«kr,  »!iik  all  may  be  kc|rt  warm  over  an  ordinary  lamix 

141.  «Hluitf«  of  •toialnlnic  Me  rmfiarc  re«tare«  for  MncreMriil  in* 
^wtw—ITie  lequiaite  amount  of  pressure  for  forcing  the  injection  into 
ttt  lia«l  cjpillarics  may  beobtained  by  several  different  methods.  The 
•iW  ;iUn  was  U)  use  the  thumb  to  press  down  the  piston  of  the  syringe, 
fe"'  uf  Uc  year*  instruments  have  been  devised  by  which  a  very  even 
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and  constant  pressure  may  be  obtained,  and  which  can  be  graduated 
as  the  operator  may  desire. 

1.  A  long  glass  tube  is  prepared  to  contain  the  injecting  fluid,  and 
arranged  so  that  it.  may  be  kept  perpendicular.  To  the  lower  end  is 
attached  a  piece  of  ^inch  India-rubber  tube  furnished  with  a  stopcock 
which  fits  into  the  injecting  pipe.  The  pressure  of  the  column  of  fluid 
in  the  tube,  which  should  be  three  or  four  feet  high,  is  sufficient  localise 
the  injecting  fluid  to  enter  the  capillary  vessels.     PI  XXVII,  fig.  7. 

2.  The  injecting  fluid  is  placed  in  a  vessel  three  or  four  feet  above 
the  table,  and  a  syphon  tube  which  may  be  entirely  composed  of  India* 
rubber  or  partly  of  glass  is  immersed  in  it  ' 

3.  A  glass  vessel  may  be  arranged  upon  the  principle  of  the  wash- 
bottle,  p.  loi,  pi  XXVII,  fig.  7,  pressure  upon  the  surface  of  the  liquid 
being  produced  by  the  aid  of  an  India-rubber  bottle  compressed  by  a 
weight  or  spring,  or  by  pouring  mercury  into  the  tube  which  reaches 
nearly  to  the  bottom  of  the  flask.  The  other  tube  must  of  course  also 
dip  below  the  surface  of  the  injecting  fluid  while  to  its  upper  free  end  a 
piece  of  India-rubber  tubing  provided  with  a  stopcock  at  its  extremity, 
must  be  adapted. 

4.  The  pressure  may  be  applied  to  the  surface  of  the  fluid  by  dis- 
tending with  air  an  India-rubber  bottle. 

5.  Various  ingenious  arrangements  have  been  devised  in  which  a 
column  of  mercury  supplies  the  pressure  required  to  force  the  fluid 
through  the  capillaries.  The  mercury  is  made  to  compress  the  air  in 
one  bottle  which  is  connected  with  others  containing  the  injectioB 
by  glass  tubes.  In  this  way  several  injections  may  be  made  at  the  suae 
time.  Any  means  by  which  air  may  be  made  to  exert  graduated 
pressure  on  the  surface  of  fluid  may  be  employed  for  injection.  Coo- 
densed  air  or  gas  may  be  used  for  the  purpose,  a  good  stopcock  being 
provided  for  governing  the  emission.  Each  vessel  containing  injection 
has  a  piece  of  India-rubber  tube  proceeding  from  it,  and  is  provided  with 
a  stopcock  to  fit  into  the  pipe. 

Other  very  ingenious  arrangements  have  also  been  suggested,  but 
after  having  tried  many  different  methods  of  proceeding,  I  find  that 
upxin  the  whole,  the  ordinary  injecting  syringe  is  the  most  successful  as 
well  as  the  cheapest,  the  most  convenient,  and  the  most  simple  instru- 
ment, and  it  is  very  easily  kept  in  good  order.     It  need,  scarcely  be 
said  that  by  no  mechanical  means  can  such  varieties  of  pressure  be  ob- 
tained as  by  the  aid  of  the  muscles  of  the  fingers  and  thumb,  while  th^ 
pressure  can  be  instantly  modified  or  removed  at  the  pleasure  of  th^ 
operator. 

The  operation  of  injecting  is  described  in  page  114. 
0/  Opaque  Injections. 

Although  by  the  old  system  of  making  opaque  injections  there  is  ^^ 
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chance  of  making  out  new  points  in  the  structure  of  tissues  and  organs, 
and  the  process  is  now  seldom  adopted,  I  shall  give  directions  for 
making  these  injections,  in  case  some  of  my  readers  may  desire  to 
prepare  specimens.  To  make  a  perfect  vermilion  injection  undoubtedly 
requires  a  degree  of  skill  which  any  one  may  be  proud  to  possess,  but 
it  is  quite  certain  that  little  which  has  not  been  already  demonstrated 
long  ago  will  be  discovered  by  the  process. 

■•s.  Tfee  Slse  should  be  of  such  a  strength  as  to  form  a  tolerably 
finn  jelly  on  cooling.  If  gelatine  is  employed  it  must  be  soaked  for 
some  hours  in  cold  water  before  it  is  warmed.  About  an  ounce  of 
gelatine  to  a  pint  of  water  will  be  sufficiently  strong,  but  in  very  hot 
Wttather  it  is  necessary  to  add  a  little  more  gelatine.  It  must  be  soaked 
in  part  of  the  cold  water  until  it  swells  up  and  becomes  soft,  when  the 
rest  of  the  water,  made  hot,  is  to  be  added.  Good  gelatine  for  injecting 
puiposes  may  be  obtained  for  two  shillings  a  pound. 

!••.  C*l*iirtBK  Matten. — The  colouring  matters  usually  employed 
in  malring  Opaque  injections  are  the  following : —  Vermilion,  Chromate 
tf  Lead,2XiA  White  Lead.  Of  these,  vermilion  affords  the  most  beau- 
tifiil  preparations,  but  chromate  of  lead  properly  prepared  is  much 
(iieaper,  and  it  may  be  obtained  in  a  state  of  more  minute  division. 
White  lead  forms  a  good  colouring  matter,  but  its  density,  and  its 
tendency  to  become  brown  and  black  when  exposed  to  the  action  of 
sulphuretted  hydrogen,  formed  in  the  decomposition  of  the  tissues,  are 
objections  to  its  use. 

I9«.  Tcniiu*n  of  sufficiently  good  quality  can  be  purchased  of 
mists'  colourmen  for  six  or  eight  shillings  a  pound.  If  upon  micro- 
scopical examination  a  number  of  very  coarse  particles  be  found  in  the 
Tcnnilion,  it  will  be  necessary  to  separate  these  by  washing  in  water  in 
the  manner  described  in  §  160. 

191.  The  Ckr«mate  Af  Lead  is  prepared  fresh  as  required,  by  mixing 
a>ld  saturated  solutions  of  acetate  of  lead  and  bichromate  of  potash. 
The  yellow  precipitate  is  allowed  to  settle,  and  after  the  clear  solution 
of  acetate  of  potash  resulting  from  the  decomposition  has  been  poured 
o£^  the  yellow  sediment  is  shaken  up  with  warm  water,  again  permitted 
to  settle  and  mixed  with  warm  strong  size  or  gelatine.  After  being 
strained  through  muslin  the  mixture  may  be  injected  into  the  vessels. 

19L*  Vfee  cariMnUe  of  Lead  or  Wbtte  Lead  is  also  better  if  freshly 
prepared  by  mixing  together  saturated  solutions  of  acetate  of  lead  and 
caHx)nate  of  soda.  The  precipitate  is  to  be  treated  as  the  former 
one  and  mixed  with  size. 

In  preparing  opaque  injections,  the  observer  should  bear  in  mind 
that  the  colouring  matter  should  be  well  mixed  with  the  size,  otherwise 
Ibe  vessels  will  not  be  uniformly  filled,  and  it  is  better  to  employ  a  small 
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syringe  rather  than  a  lai^e  one,  as  there  is  not  so  much  chance  of  the 
colouring  matter  separating  from  the  size  before  the  mixture  is  forced 
into  the  vessels.  In  all  cases  the  mixture  may  be  made  in  a  mortar, 
poured  into  one  of  the  injection  cans,  fig.  6  a,  pL  XXVII,  and  strained 
info  another  through  muslin  just  before  it  is  inj^ed  into  the  vessels  of  the 
animal 

ITS.  Size  of  the  Partlelea  of  tbe  CMsnrfDK  Hatter  use*. — The 
size  of  the  particles  of  the  different  substances  employed  in  malcing 
opaque  injections  is  represented  in  pi.  XXVIII,  and  if  the  different 
figures  be  compared  with  one  another,  it  will  be  observed  that  those 
colouring  matters  which  have  been  recently  prepared  are  in  a  much 
more  minute  state  of  division  than  those  which  have  been  kept  for  some 
time.  The  appearances  represented  were  obtained  by  examination  with 
a  power  of  2 1 5  diameters. 

Opaque  injections  are  represented  in  pi.  XXIX, -figs,  i,  2,  p.  108. 

ifS.  or  imectlnc  DlOterent  %j%%Kwa%  mt  VetuU  wltk  BWtonat 
Opaqae  iBjectlooB.  — It  is  often  desirable  to  inject  different  systems  of 
vessels  distributed  to  an  oigan  with  different  colours,  in  order  to  ascer- 
tain the  arrangement  of  each  set  of  vessels  and  their  exact  relation  to 
one  another.  A  portion  of  the  gall-bladder  in  which  the  veins  have 
been  injected  with  white  lead,  and  the  arteries  with  vermilion,  forms  a 
beautiful  preparation.  Each  artery,  even  to  its  smallest  ramifications, 
is  seen  to  be  accompanied  by  two  small  veins,  one  lying  on  either  side  of 
it.  A  beautiful  injection  of  the  gall-bladder  is  represented  in  pL  XXIX, 
fig.  I. 

In  an  injection  of  the  liver,  four  sets  of  tubes  may  be  injected  with 
the  following  different  colouring  matters  : — The  artery  with  Vermilien, 
the  portal  vein  with  White  Lead,  the  duct  with  Prussian  Blue,  and  the 
hepatic  vein  with  Lake.  Many  opaque  colouring  matters  besides  those 
above-mentioned  may  be  employed  for  double  injections.  j 

Of  Transparent  Injections. 

174.  AdvMitsKei   of  Transparent  injections. — Nearly  thirty  yeai^ 
ago  1  abandoned  the  old  plan  of  making  injected  preparations,  in  favoui 
of  the  method  of  using  transparent  injecting  fluids  which  are  miscibVi^ 
with  water  in  all  proportions.     Besides  the  matter  for  giving  colour,    -^ 
added  to  these  fluids  solutions  which  exert  a  preservative  action  upc::^^ 
the  tissue  with  which  they  come  in  contact,  and  in  some  instances  sv:^;^ 
stances  which  had  the  property  of  rendering  certain  elements  of 
tissue  more  transparent  or  opaque  were  added.     By  this  new  plan 
injection   most    important  advantages  are  gained.      Not  only  are  ~ 
vessels  injected  with  colouring  matter,  but — 

I.  The  fluids  in  the  vessels  are  at  once  altered  and  preserved 
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tnjeciton  and  clecompOKttion,  and  changes  in  ih«se  as  wcU  as  in  the 
lUkSues  ipc  (xnnpleluly  prevented. 

2.  Certain  tissues  arc  rendered  more  distinct  than  in  the  nattiral 

atuc 

3.  KTcry  structural  element  of  the  tissue  ran  be  demctutnted  as 
•rdl  as  chc  vessels. 

4.  Tissues  prepared  by  this  procefs  can  be  subjected  to  mtmination, 
by  (lowers  ma^ifying  tnorc  than  3,000  diameters.     &r  pan  Vl. 

5.  All  lisiues  thus  prt'iKired  maybe  mounted  in  a»iiieou3  preservntive 
•ohitiotu,  and  tlie  most  delicate  structures  retained  in  their  integrity. 

6.  Sy  this  [process  of  injection  alone  can  the  alteralion  of  the  most 
ddicate  tissues,  which  occurs  very  soon  after  death,  be  prevented. 

Trajisjarcnt  injections  arc  represented  in  pi.  XXX.  Figs.  1,  2, 
and  J  show  the  vessels  well  distended  with  injection.  Tlie  itructurc  of 
the  coats  of  the  small  artery,  fig.  3,  is  well  seen — indeed,  the  indrvidua) 
nnueular  fibre-rells  are  quite  diitincL  In  fig.  3  the  capillaries  are  dis- 
landed  with  tr.inspcirent  injection,  and  every  otie  of  the  bioplasts  in  the 
waJl>  of  the  liulo  vein  and  capillary  vessels  Is  clearly  demnastratcd. 
It  will  be  seen  that  this  new  process  of  injecting  is  based  upon  several 
uopoftuit  principles,  which  will  be  more  luUy  enunciated  in  jiart  VI. 

Of  late  years  cannine  fluid  has  been  much  used  for  transparent 
in^ectiotu,  especially  in  Germany ;  but  although  many  of  the  spccimctis 
thus  prepared  are  ver>-  beautiful,  the  process  adopted  i»  open  to  objec- 
Uoii.  The  specimens  art  mounftd  m  baham,  and  thus  the  structure  of 
ttie  tBoues  external  to  the  vessels  is  not  to  be  clearly  discerned.  More* 
ovo^  the  ve.<i.<M;li  with  the  con[aine<l  injection  have  become  much 
leduccd  in  diameter  in  consee[uencc  of  being  hardened  or  dried,  and 
(Cnenlly,  the  appearances  seen  cannot  be  regarded  as  natural.  It  is 
^moa  certain  that  all  that  can  be  learnt  by  svich  mmles  of  preparation, 
Itts  been  already  leamL  If  the  investigutiun  is  to  be  cjtrried  further,  it 
m  aerei«ar>-  t)ut  tlie  tissue  be  prevented  from  undergoing  post-mortem 
dMngc,  and  that  it  be  presened  in  some  visdd  aqueous  ftmJy  which  will 
Ktpport  (he  delicate  structural  elements.  The  only  mode  of  ptcjiaralion 
by  which  injected  textures  can  be  subjected  to  examination  by  the 
h^hest  powen,  and  which  permits  of  all  the  several  stniciures  entering 
into  their  compo»tion  being  displayed  tn  the  same  specimen,  is  that 
which  I  am  ndvtxrating  in  conjunction  with  the  staining  process,  and 
which  is  hilly  deMribed  in  juirt  VI. 

In  order  to  inject  the  vessels  for  investigation  by  transmitted  light 
•everal  different  substances  may  be  employed  as  injecting  tluids ;  but  if 
it  is  desired  (o  study  die  tissues  as  well  as  the  arrangcmoif  »/  the  vtsuit, 
the  points  jtJ&t  adverted  to  must  be  borne  in  mind,  and  the  particular 
plan  recoDUoendcd  in  part  VI  will  be  found  advantageous. 

ITS.    Inlrrtlan  wttk    PUIn    HIkc   mmA   wlih   «Ik«  and   Clyccrtnc. — A 
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tissue  which  has  been  injected  with  plain  size,  when  cold  is  of  a  good. 
consistence,  so  tliat  thin  sections  may  be  easily  made  with  a  shar|>  knife 
Many  jmpoitant  facts  may  be  learnt  from  a  specimen  prepared  in  ihi^ 

nuinncr  which  would  not  be  detected  by  other  modes  of  prc^>aration 

A  mixture  of  equal  parts  of  gelatine  and  glycerine  is,  however,  much  i<^ 
he  preferred,  and  the  specimen  thus  prcjarcd  is  sure  lo  keep  weU_ 
Very  thin  sections  of  spongy  tissues  like  the  lung  may  be  most  success — 
fully  made  after  injetrtion  wiih  strong  gelatine  or  gelatine  and  glycerine. 

Iia.  Coltmrlaif  Malign  for  Truidpnrrnt  inKrllsM. — I'he  rhicrtf 
colouring  matters  used  for  making  iransiarcnt  injections  are  tormina 
and  J^rttSiian  bltte.  Tlie  fanner  may  be  prepared  by  adding  a  littles 
solution  of  ammonia  (liquor  ammonise)  to  the  carmine,  and  dilutin^g 
the  mixture  until  the  proper  colour  is  obtained,  or  it  may  be  diluted  "rit>"» 
site.  The  latter  by  adding  an  acidulated  persall  of  iron  to  a  solution  orf 
fcrroryanidc  of  potassium.  The  first  solution  will  be  alkaline  and  ih^ 
last  acid. 

197-  AdvanuMce*  mt  v.mp\oy\n%  rrtuOui  Blue. — In  order  to  inject 
satisfactorily  the  most  minute  vessels  of  a  tissue,  and  at  the  same  tim^ 
to  demonstrate  their  relation  to  adjacent  slniciures,  we  must  be  pro- 
dded with  an  injecting  medium  wliich  possesses  the  following  pro- 
perties:— ^The  fluid  must  be  of  such  a  coruistence  that  it  will  run 
readily  through  Ibc  smallest  ves:>cls.  It  must  contain  a  certain  amount 
of  colouring  matter  to  render  the  arrangement  of  the  vessels  distinct, 
but  mtut  be  suihcicntly  transparent  to  admit  of  the  examination  of  the 
specimen  by  transmitted  light  The  colouring  matter  must  not  be 
selubk  like  the  ammoniacal  solution  of  carmine  above  referred  to,  for  io 
that  case  it  would  permeate  the  walls  of  the  vessels  and  colour  the 
tissues  indiscriminately,  and  would  thus  pre\'eni  the  vessels  from  being 
distinguished  from  other  textures.  'Iliough  insoluble,  the  ^urticles  of 
which  the  colouring  matter  is  composed  should  be  so  minute  as  not  to 
enhibit  distinct  granules  when  examined  with  the  highest  powers,  for  if 
that  were  so,  the  specimen  would  liave  a  confused  appeatance.  The 
Rutd  in  which  the  colouring  mattet  is  suspended,  must  be  capable  of 
permeating  the  walls  of  the  vessels  with  tolerable  ticility.  It  muU 
passcss  a  certain  refractive  power,  and  a  density  approaching  to  that  of 
the  fluid  by  which  the  tissues  arc  bathed  in  their  naniral  condiiioa 
Jl5  composition  ought  to  be  such  that  it  may  be  employed  without  the 
>/)p/icaiJon  of  heat 

T'l'lc  injecting  fluid  must  not  escape  too  readily  from  the  numerous 

iipcJi     veiisels  necessarily  exposed  in  cutting  a  thin  sccuon  of  the  tissue 

It  c^^iitination,  and  particles  accidentally  escaping  ought  not  to  adhere 

"'0~:;^3((:-ly  to  the  surface  of  the  section,  for  if  they  did  so,  the  specimen 

>u^  lj  ^    rendered  confxuicd  and  indistinct,  especially  if  submitted  lo 

'^'^^mtk  «o  under  high  magnifjing  powers.    'ITic  fluid  employed  ought 
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I  bave  preservative  properties,  or  at  least  should  not  in  any  way  intcr- 

with  the  prcservalion  of  the  siwcimcn.     The  injerting  fluid  ought 

to  under^  any  alteration  by  being  kept  for  some  time,  and  It  should 

cheap  and  capable  of  being  readily  prepared. 

Tltt  J^rttssian  bluefiitiii,  which  consists  of  an  insoluble  precipitate,  so 

minutely  divided   that   it  appears  like  a  solution  to  the  eye,  fulfils  all 

requirements.     The  particles  of  freshly  prepared  Prussian  blue  are 

;inuch  smaller  than  those  of  any  of  the  colouring  matters  employed 

opaque  injections.     For  nearly  thirty  years  I  have  em]jloyed 

blue  as  the  injecting  fluid,  and  according  to  my  experience  it 

!  postesGcs  advantages  over  every  other  colouring  matter.     It  is  inu'xpen- 

mc     It  may  be  injected  cold.     The  prqiaratiun  does  nut  require  to  be 

wanned.    No  size  is  necessar>'.    The  injection  penetrates  the  ca,]>illarie3 

wiOwut  the  necessity  of  applying  much  force.     It  does  not  run  out 

•t«l»  a  very  thin  section  of  the  tissue  is  made  for  examination,  oeilher 

da  txvf  particles  which  may  escape  from  the  larger  vessels  divided  in 

nihing  the  seciion,  adhere  to  it  and  in  this  way  render  obscure  the  stnic- 

ttnl  ptoiliarities  of  the  %'arious  elements  of  the  tissue.     And  lastly,  the 

WM  ainite  capillar)-  vessels  of  a  tissue  or  organ,  or  of  a  part  of  an 

*(n.may  be  perfecdy  injected  in  the  course  of  a  few  minutes. 

SpEtimcns  pre[xired  in  this  manner  may  be  preserved  in  any  of  the 
•"fawj  preservative  solutions,  or  may  be  dried  and  mounted  in  Canada 
Wa*  I  give  the  preference  to  glycerine,  $  i  oo,  or  glycerine  jelly, 
J  '<*■  The  preparations  may  be  subjected  to  examination  with  the 
Hlwi  Qjagnifying  powers.  After  having  tried  very  many  methods  of 
■atlg  a  Uue  injecting  Huid,  I  have  found  that  the  two  following 
^''•tr admirably.  For  very  fine  injcvtiotis  the  mixture  may  be  diluted 
b^iddiag  three  ounces  of  glycerine.     Set  also  part  VI. 

I  wuld  most  earnestly  recommend  all  who  are  fond  of  preparing  in- 
PleJ  tpecirocns  to  employ  transparent  injectingfluid."!,  and  to  endeavour, 
tiJt:)ingrarious  ttansjiarent  colouring  mattcTs,  to  discover  se\-eral  which 
**r  be  anplDyed  for  injecting  different  ve&sels  of  the  same  animal.  I 
wl  liar  that  by  the  use  of  carefully  prepared  trans]»arent  injecting 
■"•'i*,  many  new  points  in  the  anatomy  tissues  will  be  made  out. 

•t*.  rniMlkn  Blue  Fluic — Comfosiium  of  the  chtap  ordinary 
rhaiian  biutpuidfor  maJuNg  transpareni  injtctiom  : — 

Gl>-cerine      i  ounce. 

Spirits  of  Wine         i  ounce. 

Fcnocyanide  of  Potassium iigr.ains. 

Tincture  or  Solution  of  Perchloride  of  Iron*  t  drachm. 

Water 4  ounces. 

•  Tlnctors  Fan  Pcrchloridi  Btul  the  Llqwr  Fern  Prrchlnridi  of  lb«  BriiUli  Pliar- 
■MDptruL  ol  tfi67,  a»  of  ihe  uunt  Mrcnglh  and  coniUt  of  one  part  (4  the  strong 
iifnr  Kent  Peicblur.  to  three  puts,  by  mcaMic,  of  »pirit  or  water. 


The  ferrocyatvide  of  pot-tsijium  is  to  be  dissolved  in  one  oud 
Ihe  water  and  glycerine,  and  the  tincture  of  scsquichloride  of  iron  4 
[to  another  ounce.     These  solutions  sliould  be  mixed  tc^then 
\i^tiiiuaUy  and  well   shaken  in  a  bottle, — the  iron  bang  added  i 
soiution  cf  ike  Jerritcyanide  of  potassium.     When  thoTOQghly  tnixn 
solmionti  should  produce  a  dark  lilue  mixture,  itt  which  m  fren/H'ti 
fieccuii  are  ohserva^ie  by  the  unaided  eye.     Next,  the  spirit  ani 
water  are  to  be  added  very  gradiully,  the  mixture  being  consf 
shaken  in  a  targe  stopgiered  bottle,    llie  tincture  of  perchluride 
is  recomnietided  because  it  can  always  be  obtained  of  aeaxly  u 
strength  in  any  part  of  the  world.     It  is  generally  called  the  J/MJ 
Tindureof  IroH-,  and  may  be  purchased  of  the  druggists.     In 
which  a  very  line  injection  i%  to  be  made  for  examination 
highest  powers,  half  the  quantity  of  iron  and  fcrrocyanide  of  pot^ 
may  be  used.  jl 

It  has  been  remarked  that  as  the  colour  of  T^mbuits  bine  is  bd 
and  is  not  liable  to  fade,  it  is  t<}  be  preferred  to  the  Prussian  blue.  >| 
latter  dciL-s  not,  however,  lose  its  colour  if  a  little  free  arid  is  [WC9^ 
the  fluid  in  which  ;he  preparation  is  preserved.  I  have  many  specf 
injected  with  Prussian  blue,  which  have  retained  their  colour  peri 
for  nearly  thirt)-  years.  One  advantage  of  the  Prussian  blue  ovicr 
Buids  is,  that  the  ingredients  retiuired  to  make  it  are  very  cK 
can  be  readily  obtained  everywhere-  Capillaries  injected  w 
Prussian  blue  tluid  undt-r  different  magnifj-ing  powers  are  represei 
pL  XXIX,  figs.  %,  6,  and  pL  XXX. 

I7».  Turnhuir*    Btue. — My  friend,    Mr.  B.  Wills   Richai 
Dubhn,  lias  intrailuccd  Tumbull's  blue  in  preference  to  ordinary 
Uue.     Ten  grains  of  pure  Sulplute  of  Iron  -are  to  be  disKil 
ounce  of  plycerine,  or  better,  in  a  little  distilled  water  and  th 
with  glycerine,  and  tliirty-two  grains  of  Ftrridtyanide  of  /Vi 
another  mull  proportion  of  water,  and  the  solution  mixed  with 
These  two  solutions  are  then  gradually  mixed  together  in  a 
iron  solution  being  added  to  that  of  the  ferridcj'anide,  au; 
•ntxturc  ensured  by  frequent  agitation.     Tlie  other  ingredic 
in  the  case  of  the  Prussian  blue  fluid.     This  modi5 
ipled  in  all  chscs  in  which  I  have  recommet\ded  the  or 
.    The  proiwrtions  given  in  the  text   i^tc,  fcoweve 
,  itnd  I  find  that  the  following  makes  a  »po4  ^w-'ity- 


Fcrridcj'anide  of  potas^^^^ 
Sulphate  of  iron 

Water 

tllycerinc 

Alcohol  ...         .  ^  .- 


to  I 


p.  lOT. 

-' 

■     ■    *       -■  it'^ 

rJ^  of  Nil  inch 

^' 

:ifl. 

[Ta  Aeo  f^4ff«  tID* 

»  "-^  -^  -  * 

-  -  -  „-■ 

^     -^         s 

CARMINE  INJECTING  FLUID.  m 

IS*,  cmiae  i^)cctiBv  nnic — By  the  late  Mr.  Smee,  Professor 
Ceriach,  and  others,  a  solution  of  carmine  in  ammonia  was  successfully 
used  for  making  minute  injections.  The  ammoniacal  solution  may  be 
(jHuted  to  the  required  tint  and  injected.  This"  fluid  is  applicable  to  in- 
jtcting  very  delicate  vessels,  as  those  of  the  brain.  If  much  force  be 
oaployed,  the  ammoniacal  solution  transudes  through  the  walls  of  the 
vessels,  and  tinges  all  the  neighbouring  tissues  indiscriminately. 

The  ammoniacal  solution  of  carmine  is  much  improved,  and  its 
tendency  to  transude  diminished,  if  glycerine  and  a  little  alcohol  be 
added. 

Professor  Gerlach  was  the  first  who  used  a  carmine  injecting  fluid. 
The  beautiful  carmine  injections  made  in  Germany  are  pre^iared  with 
Goiadi's  fluid,  or  a  slight  modification  of  it  I  take  the  receipt  from 
the  acellent  work  of  Dr.  Frey  ("  Das  Mikroskop  ") : — 

Carmine 77  grains. 

Water      ...         ...         ...         ...     70  grains. 

Liquor  ammonias  8  drops. 

The  camiine  is  to  be  dissolved  in  the  ammonia  and  water,  and  the 
solution  left  for  some  days  exposed  to  the  air,  and  then  mixed  with  pure 
getoe,  made  by  dissolving  a  drachm  and  a  half  of  good  gelatine  in  a 
diKhm  and  three  quarters  of  water.  I^astly,  a  few  drops  of  acetic  acid 
madded  to  the  mixture,  which  is  injected  warm. 

ISL  Add  caniane  Fluid. — After  trying  a  great  many  different  com- 
binations in  order  to  make  a  good  acid  carmine  injecting  fluid,  I  found 
Ibefcdtoiring  answer  the  purpose  exceedingly  well : — 

Carmine       S  grains. 

Glycerine,  with  eight   or  ten   drops   of!  . 

acetic  or  hydrochloric  acid  ...  J 

Glycerine       ...         ...         ...         ...         ...  i      „ 

Alcohol        2  drachms. 

Water  6        „ 

Ammonia,  a  few  drofs. 

Uix  the  carmine  with  a  few  drops  of  water  and,  when  well  incor- 
ponted,  add  about  five  drofis  of  liquor  ammonia.  To  this  dark  red 
jolution,  about  half  an  ounce  of  the  glycerine  is  to  be  added,  and  the 
whole  Tell  shaken  in  a  bottle.  Next,  very  gradually,  pour  in  the  acid 
^jcerine,  frequently  shaking  the  bottle  during  admbtture.  Test  the 
fluid  from  time  to  time  with  blue  litmus  paper,  and  if  not  of  a  very 
decidedly  acid  reaction,  a  few  drops  more  acid  may  be  added  to  the 
remainder  of  the  glycerine,  and  mixed  as  before.  Lastly,  add  the 
ikohol  and  water  very  gradually,  shaking  the  bottle  thoroughly  after  the 
addition  of  each  successive  portion,  till  the  whole  is  well  mixed.    This 
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fluid,  like  the  Prussian  blue,  may  be  kept  ready  prepared,  and  l 
may  be  made  with  it  very  rapidly. 

IMS.  Ur.  (^artrr'a  Cunnlnc  Injectlnic  Muld. — For  A  cam 
jecting  fluid  which  will  run  |a.Tf(rrtIy  freely  through  the  most 
capillaries,  and  one  that  will  not  lint  the  tissues  beyond  the 
themselves,  Dr.  Carter,  of  Leamington,  has  found  the  following 
to  answer  halisEiclorily ; — 

Pure  carmine 60  grains. 

Liq.  ammon.  fort.  (P.  B.) 120      „ 

Glacial  acetic  acid       S6  minims. 

^olution  of  gelatine  (i  to  6  water)      ...  2  ounces. 

Water ij    „ 

The  carmine  is  to  be  dissolved  in  the  solution  of  ammoi 
filtered,  if  niKrcssary.  With  this  mix  thoroughly  an  ounce  and  1} 
the  hot  solution  of  gelatine.  To  the  retnaining  half  ounce  of  | 
ihe  acetic  acid  is  to  be  added,  .ind  the  mixture  dropped,  little  b 
into  the  solution  of  caxinine,  stirring  briskly  during  the  w! 
("Archives  of -Medicine,"  vol.  HI,  p.  287). 

'J'his  lluid  is  admirably  adapted  for  specimens  which 
mounted  in  Canada  balsam,  but  not  for  those  to  be  prese 
glycerine.  The  vessels  are  well  displayed,  but  all  the  delical 
fibres  arc  innslble. 

Transparent  injecting  fluids  of  several  different  colours 
much  to  be  desired,  but  although  many  experiments  have  been  i 
the  hope  of  obtaining  such,  we  arc,  as  yet,  restricted  to  two,  ^ 
and  the  red  Thiersch  has  succeeded  in  cnaking  others,  the  coia| 
of  one  of  which,  yellow,  is  given  below.  I  have  not  myself  nj 
much  mccess  hitherto  in  the  use  of  these  fluids,  for  if  I  cropli 
according  to  the  directioni:  given,  I  am  unable  to  demonsU 
masses  of  bioplasm  (nuclei),  and  various  points  of  importance 
nection  with  the  minute  sinicture  of  the  tissues  outade  ihei 
When  made  accunling  to  the  principles  followed  In  the 
Pnisstan  blue  fluid,  the  results  obtained  by  means  of  soi 
fluids  recommended  are  by  no  means  satisfactory,  whil^  as 
of  some  is  affected  by  acids,  the  subsequent  steps  of  the  genei 
of  injection  I  haw  adopted,  cannot  be  carried  out.  They  may, 
be  useful  to  tho3e  who  prefer  to  follow  out  pbns  of  Investigati 
upon  difTca-nt  principles.     Av  pnrt  VI. 

An  injecting  fluid  of  a  greenish  tint  may  be  made,  accordi 
directioris  given  on  page  no,  for  Tumbull's  blue,  by  employing 
proportioTis  of  the  ingredients,—!  grain  or  less  of  the  sulphate 
10  grains  of  tiic  Ferridcyanide  of  l*otassium. 
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lltiencb  ("  Das  Mikroalcop,"  1 865.  von  Dr.  H.  Frey)  prepares  a 
BnSfUtnt  ydtow  injecting  fluid  as  foUoirn  : — 

A.— A  soladon  of  bichromate  of  potash  is  nude,  in  the  proportion 

of  one  part  of  salt  to  two  of  water. 
B.— A  solution  of  nitrate  of  lead  of  the  same  strength. 

Om  part  of  solution  A  is  placed  ina  small  basin  and  mixed  nith  four 
^ofa  concentrated  solution  of  gelatine.  Two  pans  of  solution  B 
Btpbccd  in  another  basin  and  mixed  with  four  parts  of  jelly. 

These  are  to  be  slowly  and  thoroughly  mixed  together  at  a  tcm])cra- 
tatcf  from  75°  to  90°,  and  then  heated  in  a  water-bath  at  a  tempera- 
Be  of  about  312°  for  half  an  hour  or  more.  The  mixture  is  then  to  be 
caRbiUy  Cllcied  through  flannel. 

IM.  ■niabiv  pi-uRsUn  Blue. — Drticlte  recommends  the  followmg:— 

Forocyanide  of  potassium,  317  grammes,  dissolved  in  i  litre  of 
Aulied  water. 
Perchlotide  of  iron,  10  grammes  to  1  litre  of  distilled  water. 
So^ihale  of  soda,  a  cold  saturated  solution. 

Oncroluroe  of  each  of  the  two  first  solutions  is  to  be  mbced  with 
■c  rehune  of  the  soda  solution.  The  iron  and  soda  solution  is  then 
a  be  mixed  gradually  with  the  ferrocyanide  and  soda  solution  with 
MUiDi  stining.  The  mixture  is  to  stand  for  some  hours,  and  the 
ixfM  collected  on  a  filter.  Ilie  deposit  is  then  washed  wittt  small 
^HBUtia  of  distilled  water,  until  the  filtrate  runs  through  quite  blue. 
The  ktae  powder  tlius  prepared  is  quite  soluble  (?)  in  distilled  water. 
tteb  Tccommcods  that  this  be  made  into  an  injection  with  sufficient 
l^inc  to  ensure  it  setting  into  a  jelly.  After  injection  the  preparation 
bio  be  thrown  into  spirit,  and  then  hardened  in  alcohol  90  per  ccnL 
This  hA  process,  it  may  be  remarked,  will  efl^ectually  destroy  many 
structures,  and  entirely  alter  all.  Rriicke  states  that  the  fluid 
dtromic  acid  and  bichromate  of  pula&h  well^  but  iiays  that  all  fluids 
oKticing  glycerine  must  be  carefully  avoided.  I  recommend  the 
to  inject  with  this  mixture,  and  then  try  the  Prussian  blue  fluid, 
iposition  of  which  is  given  in  p.  110,  and  compare  the  results, 
IB4.    or  ln]«ctlnc   DIArvat   HfKUnu   of  Vnarln   wlUi  Tnutaparrnt 

. — The  transparent  injecting  fluids  which  may  be  used  for 

injections,  muM  have  the  sanw  reaction.   Thus  the  Prussian  blue 

iind  the  carmine  solution  without  gelatine,  p.  itt,  maybe  used  for 

fotpose;  but  I  have  not  yet  been  able  to  obtain  other  colours 

answer  as  well  as  these.    Good  transiurent  )'cllow  and  green 

^  injecting  fluids  which  might  be  used  for  double  injection  in  cases 

tifiKfa  the  Prussian  blue  fluid  was  employed,  arc  much  wanted. 

KL   McrcurtKl  injcctlOQ*  are  nut  well  adapted  for  microscopical 
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puqKiscs,  although  mcrcaiy  wns  formcTly  much  employed  for  injecta 
lymphatic  vessels  and  ihe  ducts  of  {glandular  organs.  The  pressn 
exerted  by  a  column  of  mercur>'  a  few  inches  in  height  is  alone  suffidi 
to  force  some  into  the  t'essels.  The  mcrcuiial  injecting  apfjoiatus  coi 
nsts  of  a  glass  tube,  about  half  an  inch  in  diatneter  and  twelve  inches 
more  in  length,  to  one  end  of  which  has  been  lilted  a  steel  screw  I 
which  a  steel  injecting  jHpc  may  be  attached  The  pipes  and  stopcocl 
must  be  made  of  steel,  for  otherwise  they  would  be  destroyed  by  It 
action  of  the  mercury. 

Of  Jnjutifig  //*<  Vessds  of  the  Jfigfur  Anmals. 

18S.  or  the  Pr«cUe«l  opermltM  of  imccilnr — It  is  generally  state 
that  a  successful  injection  of  the  vessels  of  an  animal  cannot  be  nud 
until  the  muscular  rigidity  whicli  comes  on  shortly  aAcr  death,  aa 
which  affects  the  muscular  fibres  of  the  arteries  as  well  as  those  of  A 
ordinary  muscles  of  the  body  has  passed  ofil  I  have,  however,  fooD 
that  most  perfect  injections  may  be  made  before  the  muscular  Hjgidiq 
begins,  thai  is,  within  s  few  minutes  afler  the  death  of  the  animal  Mat 
of  my  fme  injections  have  been  made  less  than  f\\e  mimites  after  deilfc 
and  b  the  case  of  very  young  animals,  so  complete  has  been  the  injee 
tionofthe  capilbry  vessels  that  where  the  capillars- has  not  beenfiilt 
develojKd,  the  injection  has  filled  the  ]>ervious  jwriton,  and  has  pne 
trated  to  the  very  spot  where  the  tube  was  commencing  to  be  fanned 

The  student  will  Jind  the  process  of  injecting  somewlmc  diflied 
at  first,  but  although  he  may  quite  fail  in  the  fu>t  attempts  he  makc^ 
must  not  give  up,  for  this  method  of  invest^tion  is  of  Uic  grealei 
advantage,  and  by  it  he  will  Icam  facts  of  considerable  anatomical 
portance,  and  which  cannot  be  determined  by  other  means.  Everj- 
engaged  in  the  investigation  of  the  anatomy  of  tissues  in  health  on 
disease,  should  be  able  to  inject  well.  By  employing  the  nielbodi 
proceeding  recommended  in  the  text,  it  will  be  found  that  with  a  lin! 
practice  injections  can  be  made  without  much  sacrifice  of  time. 

The  steps  of  the  proce&ii  of  tr3ns)iareni  injection  are  very  similae 
those  taken  in  making  the  opaque  injections,  except  that  when  size 
employed,  the  specimen  must  be  placed  in  warm  water  until 
through,  otherwise  the  siice  will  solidify  in  the  smaller  vessek  and  tl 
further  flow  of  the  injecting  fluid  will  be  prevented.  Soaking  for 
hours  is  sometimes  necessary  for  warming  a  large  preparation  throt^ 
and  it  is  desirable  to  change  the  warm  water  frequently.  The  aiw  oiu 
also  be  kept  warm,  strained  immediately  before  use,  and  well  ttintd 
each  time  the  syringe  is  filled.  But  I  strongly  advise  the  student 
begin  to  inject  with  the  cold  Prussian  or  Turabull  blue  fluid,  §§  178, 17 
In  the  first  place  the  following  instruments,  &c.,  must  be  conwnkm 
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jDingcd,  Ko  th.i£  the  operator  may  be  able  to  take  them  up  as  fac  may 

The  syringe  should  be  thoroughly  clean  and  in  working  order,  wiih 
jips tborui^hly  dean  and  j)eTvious,  stopcocks,  and  corks,  pi.  XXV'Il, 
jL  104,  ligs.  3,  4,  8,  9,  I  o,  II,  One  or  two  scalpels.  Two  or  three  {xuTa 
dibvp  sciisors.  Dissecting  forceps.  Bull's  nose  forceps,  fig.  2.  Curved 
otedk  threaded  with  silk  or  thread,  the  tliickness  of  the  laiier  dujxinding 
tpm  the  Kze  of  Ibe  vessel  to  be  tied,  fig.  iz.  Wash-bottle,  p.  loi. 
injcaing  fluid  in  a  small  v-esscl.  Plenty  of  warm  water  if  the  injection 
iito  Ik  nude  with  fluid  cont-iining  size  or  gelatine. 
The  student  is  recommended  to  practise  the  process,  by  injecting  the 
Bod  animals  in  the  order  in  which  they  arc  enumerated  below, 
*  10 proceed  whh  the  second  until  he  has  fiiirly  succeeded  wilh  the 
laL  In  all  cases  the  operation  is  to  be  conducted  carefully,  slowly, 
ID&  »riihoui  hun}\  and  very  slight  pressure  is  to  be  exerted  on  the  piston 
gfAcsjringe. 

I.  Kidneys  of  sheep  or  pig. — Artery. 

1  Eye  of  ox. — Arfcrj. — Two  or  three  minutes  will  be  time  enough 
.t!  Bike  a  complete  injection  of  all  the  ti-vsues  of  the  e>-e  of  an  ox.  If 
e  becomes  very  much  distended  by  the  injecting  i>rocess,  an 
must  be  made  in  the  conwa  which  will  permit  the  humours  of 
Ae^uescajN:,  and  thus  space  will  be  left  for  the  complete  distension 
«fihcTessda. 

J.  Rat,  mouse,  Uog.  ~  In/uitii /rvm  tfu  aoria, 
%  Fottton  of  smalt  intestine. — Branch  cf  arttry.    AU  dinded  vessels 
tied  before  commencing  to  inject,  pi.  XXIX,  6g.  4,  p.  108. 
Lna.    In  one  part  a  branth  0/  dud ;  in  a  second,  a  bramh  ej 
tin;  in  a  third,  fvrtal  jvia  :  and  in  a  fourth,  hepatU  vein. 
lTV  portal  and  hepatic  vein,  the  artery  and  portal  or  hepatic  vein, 
Aict  and  portal  vein  nuy  be  injected  wilh  injections  of  dilTcrcnl 
ID  oftc  fMcce  of  liver. 

imM-Umc  ■  rr«c. — Suppose  the  student  is  about  to  inject  a 
fag-  Kn  incision  is  made  through  the  skin,  and  the  sternum  divided 
Biddic  line  wilh  a  pair  of  strong  scissors  j  the  two  sides  may 
scfanued,  and  the  heart  exposed.  Next  the  bac  in  which  the 
cmtoiaed  (pericardium)  is  carefully  opened  with  scissors,  and 
If  port  of  the  heart  seized  with  the  forceps ;  a  small  opening  is 
'  with  1  narrow  knife  or  by  making  a  snip  with  the  jwints  of  the 
•rawra,  Dear  its  lower  part.  A  considerable  quantity  of  blood  will 
from  the  wound,  and  thli  is  to  be  washed  away  carefully  by  the 
ilic  wa^4ioitle,  p.  101.  Into  the  opening^the  tip  of  the  hean 
«iU  held  firmly  with  the  forceps — a  fine  injecting  pijie,  iireviously 
to  be  thoroughly  ]x;r\-i(ius,  by  blowing  air  through  it,  and 
into  it  some  of  the  injecting  ilutd  is  insetted  and  directed 
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upwards  towards  the  bxse  of  tV  heart  to  the  point  where  the  aitei)' 
seen  to  be  connected  with  the  muscular  substance.  Before  tht  pipt 
tntrtidu^fd,  a  HttU  of  the  injtiting  fiiiUi  is  drawn  up  sa  as  ta  fill  ii. 
this  were  not  done,  the  air  contained  in  the  pipe  would  necessarily  1 
forced  into  the  vessels,  |>robabIy  the  capillaries  would  here  and  the 
burst,  and  the  injection  might  fail.  The  point  of  the  pipe  can  with  vei 
little  difficulty  be  made  to  enter  the  artery.  The  needle  with  the  threi 
is  then  taken  in  the  right  hand  and  the  curved  extremity  carefully  earn* 
round  the  vessel.  'I'he  thread  is  iiruily  seized  with  fine  but  wdl-nuu 
forceps,  the  needle  unthreaded  and  withdrawn,  or  one  end  of  the  thru 
may  be  held  firmly,  while  the  needle  is  withdrawn  over  it  in  the  opposi 
direction.  Tlie^thread  is  now  evenly  drawn  over  the  vessel,  and  tied  ( 
as  to  include  the  tip  of  the  pipe  only,  for  if  the  pipe  be  tied  loo  Car  ti| 
there  will  be  great  danger  of  its  point  passing  through  the  delicate  codi 
of  the  vesseL 

The  syringe  having  been  well  washed  in  warm  water  before  OM 
tuencing,  its  nozzle  is  plunged  beneath  the  surface  of  the  injecting  fliiii 
the  piston  moved  up  and  down  two  or  three  times,  so  as  to  completd 
force  out  the  air,  and  the  syringe  carefully  61Ied  with  fluid.  It  ' 
then  connected  with  the  pipe, — which  is  firmly  held  by  the  finger  an 
thumb  of  the  left  hand, — with  a  screwing  movement,  A  little  of  tf 
injection  is,  however,  first  allowed  to  flow  into  the  wide  part  of  the  pjj 
so  as  to  prevent  the  possibility  of  any  air  being  included,  and 
into  the  vessels  with  the  injection. 

TTie  pipe  and  s)Tinge  being  still  held  by  the  left  hand,  ihc 
slowly  and  gently  forced  down  with  a  slightly  screwing  mowmenl  vil 
the  right,  care  being  taken  not  to  distend  the  vessel  so  as  to  eodaiM 
rupture  of  its  coats.  The  handle  of  the  syringe  is  to  be  kept  uppennoB 
and  the  syringe  should  never  be  completely  emiitied,  in  case  of  a  lid 
air  remaining,  which  would  thus  be  forced  into  the  vxssel,  fig.  \ 
pi.  XXVII,  p.  104.  'i'he  injection  is  now  observed  running  into  tN 
smaller  vessels  in  different  iiarls  of  the  organism. 

isn.  Of  mfeeilnit  tbe  unet«  af  «iliui«». — The  modes  of  injecOBI 

which  have  just  been  considered,  although  ap|>)icable  to  the  injection  B 

vcKscU,  do  not  always  answer  when  employed  for  injecting  the  duets  W 

jrlandular  structure  of  glandsL    As  the  ducts  usually  contain  a  quantit]i( 

the  secretion,  and  are  alwa>-s  lined  with  epithelium,  it  often  happens  ttri 

when  we  attempt  to  force  fluid  into  the  duct,  the  epithelium  and  K<M 

tion  arc  driven  towards  the  secreting  structure  of  the  gland,  which  th* 

tieootnes  effectually  plugged  up  with  a  material  which  is  colourless    1 

such  a  case  there  is  little  hope  of  making  out  the  origin  of  the  docti  N 

their  relation  to  the  secreting  structure.     It  is  obviously  useless,  mn 

these  circumstances,  to  proceed  in  the  usual  manner  and  introduce! 

injecting  Huid ;  for  the  greatest  pressure  which  could  be  employed  vooj 
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be  sufficient  to  drive  the  contents  of  the  follicles  and  ducts  through 
haiemeni  membmne,  and  the  only  [lossible  result  of  such  an  attempt 
aid  be  rupture  of  the  thin  walls  of  the  secreting  structure  and  uxtra- 
■tioo  of  the  contents.  As  I  have  before  mentioned,  partial  success 
.  been  obtained  by  employing  mercior)',  but  the  preparations  thusmadc 
Dot  adapted  for  microscopic^  obscn'ation. 

1  bad  lotig  felt  very  anxious  to  make  a  thoroughly  good  injection  of 

of  the  liver  and  to  ascertain  the  manner  in  which  they  rom- 

in  the  lobule,  and  the  precise  relation  which  they  bore  to  the 

!  cells.    Thb  anatomical  que&iion  has  long  been  under  discussion 

microscopical   observers,  and  many  different  and  inrompatibic 

hire  been  arrived  at  by  diflferent  authorities.     In  order  to 

'ynm  the  point  satisfactorily  it  was  obviously  necessary  to  inject  the  ducts 

most  minute  ramifications,  and  no  one,  as  far  as  I  was  able  to 

bad  succeeded  in  doing  tiiis  satisfactorily.     After  death  the 

ducts  of  the  tirer  always  contain  a  little  bile.    No  force  which 

tie  emplojTd  is  sufficient  to  force  this  bile  through  the  basement 

Me,  for  it  will  not  permeate  it  in  a  direction  /rum  the  inside  of  the 

When  any  attempt  is  ntade  to  inject  the  ducts,  the  epithelium 

limnn  in  their  interior  form  with  the  bile  an  insurmountable  barrier 

:  oomrd  course  of  the  injection.     Hence,  if  a  successful  injection 

llobe  made,  it  appeared  to  me  to  Ik  ncrcs.sary  either  to  a-move  the 

I  fivD  the  ducts  or  to  prevent  it  from  entering  them  for  mtms  time 

!lhe  death  of  the  animal     Many  years  ago  (1854)  it  occurred  to 

\is>t  any  accumulation  of  fluid  in  the  smallest  branches  of  the  portal 

I  ot  in  the  capillaries  must  necessarily  compress  the  ducts  and  the 

stiudute  of  the  liver  which  till  up  the  intervals  between  iheoi. 

I  nuh  of  stich  a  pressure  must  clearly  be  to  drive  the  bile  towards 

Kbgeduds  and  to  promote  its  escajie.     Tepid  n-nter  was,  therefore, 

into  the  portal  vciru    The  liver  became  greatly  distended,  and 

litfi  much  ductal  epithcliwm,  flowed  by  drops  from  the  divided 

aity  of  the  duct.     ("  On  the  Ultimate  Arrangement  of  the  Biliary 

,  and  on  some  other  points  in  the  Anatomy  of  the  Liver  of  Vcite- 

lAnimals" — "Philosophical  Transactions"  for  1856,  page375.)  The 

\  nOQ  became  thirmer,  owing  to  its  dilution  with  water,  which  per- 

tbc  intervening  membrane  and  entered  the  ducts.    These  long, 

»,  highly  tortuous  channels  were  thus  effectually  washed  out  from 

tlir[<irni  where  they  commenced  as  tubes,  not  more  than  1 -3000th  of  an 

-intetcr,  to  their  termination  in  the  common  duct,  and  much  of 

■■■  ^  layer  of  epithelium  lining  their  interior  was  washed  out  at  the 

!  time.    When  this  part  of  the  process  was  completed,  the  water  was 

wd  by  placing  the  liver  in  cloths  with  sponges  under  pressure  for 

f-four  hours  or  longer.     All  the  vessels  and  the  duct  were  now  per- 

fccir  Tmpty  and  in  a  favourable  state  for  receiving  injection.     The  duct 
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was  Bnt  injected  with  a  coloured  nuteriaL   Freshly  precipitated  dirotniK 
of  lead,  white  lead,  t-ermilion,  or  other  colouring  matter  may  be  used, 
but  for  many  reasons,  to  which  I  have  alluded,  the  Prussian  blue  injec- 
tion is  the  one  best  adapted  U)r  the  pur]x>se.     It  is  the  only  matcntl 
wluch  furnishes  good  results  when  the  injected  prepaiatioos  ore  ret)utfvri 
to  be  submined  to  high  magnifying  powers.   Preparations  injected  in  tiie 
manner  described  should  be  examined  as  transixirenl  objc<ns,  p.  rotr 
They  may  be  mounted  in  the  ordinary  preservative  fluids,  but  gl}^^!!^ 
forms  the  most  satisfactory  medium  for  their  preservation.     AUIioogb 
they  may  be  put  up  in  Canada  balsam,  this  medium  is  not  adrantageous 
for  rendering  the  course  of  the  ducts  evident,  or  for  showing  distindJjf 
the  branches  as  they  lie  on  difierent  planes. 

I  have  often  succeeded  in  making  most  perfect  injections  of  t^ 
ducts  of  the  tiver,  which  demonstrate  conclusively  the  cell  coniainiq| 
network  of  the  lobule  and  its  connection  with  the  finest  gall  ducts.  Hkk 
injection  may  be  seen  around  the  hepatic  cells  as  they  lie  in  the  tubes  aT 
the  network. 

IS*.  Of  mjeecln*  LrmpkaUe  VMselm. — It  is  very  difhcult  to  find  i 
lacteal  or  lymphatic  vessel  and  insert  a  pipe  into  it.  "VVhen  it  is  deaitd 
to  inject  these  tubes,  the  pipe  may  be  inserted  into  the  large  trutdkHF 
the  thoracic  duct,  and  sometimes  the  injection  may  be  forced  betwea. 
the  valves  towards  the  fine  branches  of  vessels.  I  have,  however,  found 
timt  by  injecting  water  into  the  bh&d  vasels,  the  l)*mptutirs  and  lacialt 
of  a  part  of  the  body  or  of  an  organ  become  distended  by  the  tnnsudi' 
tion  of  the  fluid,  and  in  this  distended  state  it  is  not  difficult  to  make  ilie 
pipe  enter  the  vessel  ihiDugh  a  smaU  opening  made  with  sharp  sctsson. 
The  pipe  having  been  tied  in  the  vessel,  the  water  is  absorbed  as  described 
in  $  188,  and  the  injection  may  then  be  forced  In,  caie  being  taken  touie 
very  gradual  pressure,  so  that  the  coats  of  the  lacteal  or  Lymphatic  tLgj 
be  sufficiently  sirelched  to  allow  the  injection  to  i»ss  between  the  valve^ 
without  being  ruptured.  In  thb  way  [  have  succccdc<l  in  making  bcaal»> 
fill  injections  of  the  finest  ramifications  of  the  lymphatics  of  the  Itwer. 
("Archives  of  Medicine,"  vol.  I,  \f.  [[3.)     PI.  XXVIII,  fig.  1,  p.  106. 

Sometimes  lymphalles  may  be  injected  by  extravasation  from  a  daci| 
and  more  rarely  from  a  vessel.  I  have  often  injected  the  lymphatics  of 
the  liver  when  forcing  the  injection  into  the  duct  Some  observers  think 
they  have  succeeded  in  injecting  ver^-  minute  lymphatic  vessels  and 
demonstrated  that  these  are  continuous  with  the  capillaries.  Sodk 
lymphatics  are  considered  to  ramify  in  the  intervals  between  epithelial 
cells.  It  is,  however,  doubtful  if  the  (acts  observed  liave  recuucil  » 
correct  interpretation. 

OP   INJECTINQ  TMK   LOWKK   ANIMAI.& 

■*•>  loMctfl. — Injections  of  insects  may  be  made  by  forcing] 
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into  the  general  abdominal  cavity,  whence  it  passes  into  the 
and  by  it  is  afterwards  distnbuied  to  the  system.     The 
ipcrtluous  injection  is  then  washed  away,  and  such  parts  of  the  body  as 
Mf  be  required  removed  for  examination.     Insects  should  be  Injected 
soon  after  they  have  emerged  from  the  pupa. 

The  water  vascular  apparatus,  the  vessels,  and  the  dij^tivc  tube  may 

he  injected  in  many  of  the  lower  animals.     In  some  cases  good  results 

■iil  be  oblamcd  with  siie  coloured  with  transparent  colouiing  nutter ;  in 

(■kea  it  will  be  found  better  to  employ  the  Prussian  blue  or  carmine 

Reding  fiuid  made  with  glycerine,  p.  tti.     In  injecting  the  digestive 

^piruus  of  some  entozoa,  as  the  liver-duke,  the  pipe  may  be  tied  in, 

bm  IE  a  general  rule  it  is  only  necessary  to  make  an  opening  intu  the 

imel  aod  insen  liie  pipe,  whicli  must  be  held  steadily  while  Uie  injection 

BOtcfoUy  forced  from  the  orUice.     In  many  6ne  injections  a  pipe  of  the 

fOOD  TCprCKntcd  in  pL  XXVII,  fig.  ii,  p.  104,  with  a  blimt  point  and  a 

hitnl  opening,  will  be  found  of  great  advantage.     Coloured  fluids  will 

ne  in  the  \-csscls  of  most  plants  by  capillary  attraction,  and  occasionally 

(be  icskIs  of  some  of  the  tissues  of  animals  may  be  partially  injected  in 

tlK  sane  way. 

itt  aoitauea.  (Slug,  snail,  oyster,  &c.) — The  tenuity  of  the  vcsscU 
ri  muy  moUuaca  renders  it  undesirable  to  tic  the  pi[H:  in  tliem.  The 
opfiniec  are,  however,  usually  very  Urge,  so  that  the  injection  generally 
Ob  tcxlily.  In  different  parts  of  the  bodies  of  these  animals  are  nume- 
tm  bflidjc  or  spaces,  which  communicate  directly  with  the  vessels.  If 
on  (Rioting  be  made  through  the  integument  of  the  muscular  foot  of  the 
■si,  1  pipe  may  be  inserted,  and  the  vessels  injected  from  the  lacuna: 
till  c«o[urauve  facility.  The  large  vessels  of  the  branchix  may  be 
eacQf  b}ected  with  the  aid  of  a  pipe  of  the  form  referred  to  in  the  last 
janpiph. 

Miine  Edwards  it\jectcd  the  snail  by  passing  the  pipe  through  an 
opaiag  made  with  a  sharp  instrument  at  the  base  of  the  tentacle.  In 
1^  cue  the  injecting  fluid  passes  into  lacurue  or  s{iaccs  and  fills  the 
nuui  s)'stem,  but,  as  has  been  shown  by  Mr.  Robertson,  of  Oxford,  the 
MntJ  ire  not  injected  by  this  meUiod  ('*  On  the  Organs  of  Circulation 
of  lile  Roman  Snail,  Helix  Pomatia." — "  Annals  and  Magazine  of  Natural 
Januar)-,  1867). 
I  Mr.  ■obcflAoa'a  Plan  mt  ItOccUns  Lhe  UnalL — This  skilful  aiU- 

recommends  a  difTerent  plan  of  proceeding.    The  snails  are  to  be 

h]  drowning  them  in  a  jar  quite  filled  with  cold  water,  the  mouth 

cktsed  with  a  piece  of  plate  glass. 

Tie  rascular  system  is  to  be  injected  from  the  ventricle  of  the  heart 

wiiii  li^  2n(j  carmine.     The  hean  of  the  snail  is  easily  found.     It  is 

wdiwii  in  a  sac  which  is  situated  at  the  posterior  extremity  of  the 

piiKiimy  chamber  on  tiic  left  side.    The  position  of  the  organs  of  the 
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snftil  has  been  ftilly  described  by  Dr.  Lawsoti,  in  a  paper  published 
the  "  Microscopical  Journal  "for  January,  1863.     The  injection  ini 
dticed  into  the  hean  posses  riglii  round  ihc  body  and  rettuns  to  the 
monary  chamber.     By  this  plan  the  arterial  brandies  may  be  trar<  ' 
the  foot  and  to  many  other  paits  which  were  considered  to  be  di~  - 
of  arteries.     Mr.  Kobertson  has  arrii'ed  at  the  coodusion  that  in  Muib 
there  exists  a  chied  tapiiiary  system  communicating  directly  ivitft  the  (•■  ' 
OH  the  fine  hanii  and  the  veins  on  iht  other,  as  is  the  tase  in  man  « ■      - 
higher  animals  ;  and  he  has  completely  faDed  to  demonstrate  the  exist- 
ence of  any  direct  comraunication  between  the  spaces  or  lacunae  bi 
the  varioas  tissues  and  the  vascular  system.    It  is  probable  that  in  the 
mollusca  the  capillaries  arc  arranged  as  in  the  higher  animals,  but  they 
are  wider,  and  their  walls  being  so  very  thin  it  re<[uirc.s  grvai  skJl  to 
inject  them  mthout  rupture,  in  which  case  extravasation  will  take  place. 

les.  lajecUnir  piabcH.— The  vcs.scls  of  fishes  are  exceedingly  tender, 
and  great  caution  is  required  in  filling  them.  It  is  often  difiicult  or  iiui:« 
impossible  to  tie  the  pipe  in  tlie  vessel  of  a  small  fish.  If  we  atterojn  to 
injcrt  from  the  heart,  the  injection  passes  to  the  gills,  but  it  is  sddom 
that  it  runs  through  these  and  |N:netr3tes  the  systemic  vessels.  It  ii 
unul  therefore  to  proceed  thus, — the  tail  of  the  fish  is  cut  off,  and  the 
pipe  introduced  into  the  divided  vessel  which  lies  immediately  bencailt 
the  spinal  column.  In  this  simple  manner  beautiful  injections  of  the 
systemic  vessels  of  a  fish  may  sometimes  be  made.  In  binall  fishes  h 
which  the  vessels  arc  too  delicate  to  be  tied,  a  good  injection  maybe 
made  by  simply  placii^  the  pipe  in  the  ves&cL  As  the  Suid  is  so  ch 
a  considerable  loss  is  of  no  consequence. 

ID-I.  Of  preiinrlnir  Portiuiui  of  UKdeM  PreparatlmM  fitr  MlcrK 
MMplcnl  cxKininnilnii.-  i'rL-[>arations  made  by  injecting  colouring 
matters  suspended  in  water  or  gelatine  may  be  mounted  in  various  p(«- 
ser>-aiive  fluids,  or  dritd  and  placed  in  balsam.  ■WHien  thin  tissues,  such  as 
the  mucous  membrane  of  the  intestines  or  other  paru,  liavc  been  injected, 
it  is  necessary  to  lay  them  perfectly  flat,  and  wash  the  mucus  and  e)»- 
thetium  from  the  free  surface,  either  by  forcing  a  current  of  water  from 
the  wash-bottle  (pi.  XXVI,  fig.  5,  p.  too),  or  by  placing  Ihcm  in  water 
and  brushing  the  surface  gently  with  a  camel-hair  brush.  Pieces  of  • 
convenient  size  may  then  be  removed  and  mounted  in  solution  <A 
naphtha  and  creosote,  in  dilute  alcohol,  in  glycerine,  or  in  gelatine 
gl>'ccnne. 

Tlie  most  important  points  in  injections  of  ordinary  tissues  ma; 
shown  if  the  preparation  be  dried  and  mounted  in  Canada  balsam. 
specimen  must,  in  the  first  place,  be  well  washed  and  floated  upon  8 
glass  slide  with  a  considerable  quantity  of  water,  which  must  be  allowed 
to  flow  off  the  slide  ver)-  gradually.  It  may  then  be  allowed  to  dry 
under  a  glass  shade,  in  order  that  it  may  be  protected  from  dusL    The 
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ry-Lx^  should  be  eflected  at  the  oidinary  tetnperoiure  of  the  air,  but  it  is 
noch  i.-x]<ditcd  if  a  shallow  basin  fiik>d  with  sulphuric  acid  be  placed 
ilh  it  under  l?ie  same  bell-jar,  p.  88,  pL  XXIV,  fig.  5.  Or  the  speci- 
nens  may  be  iran.'derTcd  from  the  water  to  spirit,  and  from  this  to  oil  ot 
llovea,  and  then  mounted  in  balsam.     Sec  p.  89. 

Of  solid  organs,  such  as  the  liver  and  kidney,  thin  sections  from  the 
interior  made  in  different  directions,  as  well  as  portions  from  the  surface^ 
abould  be  preserved.  The  .sections  may  be  made  with  the  ordinary 
scal|cl  at  with  Valentin's  knife,  if  one  of  half  an  inch  or  more  square  be 
required  "ITie  surfacus  of  the  section  should  be  well  washed,  and  it 
nay  then  be  mounted  in  one  of  the  methods  ])reviously  described ;  but 
1  Bitu'h  jKiirfcr  to  mount  these  specimens  moist,  and  glycerine  or  glyce- 
rise  icily  will  be  found  the  tnost  suiUbte  medium. 

Si>ecimcns  whieli  have  been  injected  with  Prussian  blue  or  carmine 

iiTeciing  fluids,  the  composition  of  which  is  given  in  pp.  109,  no,  must 

bepRserred  in  glycerinifc  containing  a  trace  of  (xce  acetic  acid  (5  lo  15 

4nf&  to  the  ounce).    The  advantage  of  this  plan  is,  that  it  eruibles  us 

M  only  to  observe  the  arrangement  of  the  vessels,  but  also  to  study  the 

1  in  their  wafls,  pi  XXIX,  p.  loS,  fig.  3,  as  well  as  the  structures 

the  tksue  or  organ.   Moreover,  specimens  thus  preserved  may  be 

Kroovcd  and  remounted  without  risk  of  damage,  when  required. 

StfUiai  Sfif-n'mens  w  Glycfrtne  and  in  Canada  Jfa/iam.—'Vhc  observer 

liB  bt  Rirprised  at  the  great  differences  cA>scTved  in  the  same  texture  ac- 

lonJing  to  the  method  in  which  it  is  prepared.     I  have  already  adverted 

RKiedjjeelioosof  mounting  moist  tissues  in  balsam,     Although  most  of 

itne  who  prepare  specimens  in  this  country  and  in  Germany  still  pursue 

lltt  [to  for  preserving  their  injections,  it  will,  I  am  sure,  be  condemned 

iry  by  any  one  who  has  tried  the  method  of  mounting  the 

moist  in  strong  glycerine.     Not  only  arc  the  bioplasts  of  the 

far  the  most  part  destroyed  by  the  process  of  mounting  in  bals.im, 

ny  very  important  elements  of  the  tissue,  and  especially  ntn-e  fibres, 

ttaoged  that  they  cannot  be  recognised,  or  are  completely  oblite- 

med-  The  capDIaiies  themselves  are  so  shrunk  and  changed  that  very 

conclusions  have  been  airived  at  from  examining  balsam  specimens. 

5  and  6,  pi.  XXIX,  p.  108,  specimens  of  the  very  same  tissue 

[fcpRsented  prepared  according  to  the  different  plans  referred  to,  but 

by  the  .same  powers.     Let  the  reader  observe  the  different 

icrs  of  the  vessels,  and  note  how  many  points  are  displayed  in  the 

prepnrarion  which  are  not  to  he  demonstrated  in  the  one  preserved 

The  "  extra  vascular  spaces  "  discovered  in  the  latter  result 

^  (he  shrinking  of  the  injection  in  the  process  of  mounting.     I  feel, 

lioffore,  compelled  to  reject  inferences  arrived  at  from  the  examination 

rfbbain  specimens,  and  strongly  advise  the  student  not  to  be  misled  by 

iorineic  »harpnc»s  and  bright  colour.    Such  preparations  undoubtedly 
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enable  us  to  form  a  gcneml  idea  of  the  airangetnent  and  number  of  the 
capilLaries  in  difTerent  textures,  and  they  may  be  preserved  for  many 
years  without  the  slightest  change  in  character.  In  these  respects  their 
merits  must  be  admitted ;  but  if  we  desire  to  learn  facts  concerning  the 
relation  of  the  capillaries  to  the  texture  lying  in  their  meshes,  the  struc- 
ture of  the  vessels  themselves,  or  that  of  the  tissues  in  which  they 
ramify,  we  must  study  injections  which  have  not  been  mounted  In 
baUam,  damar,  or  such  media.  Collections  of  balsam  specimens  are 
advantageous  for  trade  purijoses,  but  although  the  student  may  with 
advantage  i)uruhase  a  few  specimens,  the  sooner  he  learns  to  make  pre- 
parations for  himself  the  sooner  will  he  gain  a  knowledge  of  the  structure 
of  the  tissues  of  animals. 

19S,  or  tlir  best  Hade  ol  nmtmjlng  ttie  Life  af  Animals  Inuntfed 
for  iiOccUon.— I  have  tried  ^-arious  plans  of  destroying  animak  intended 
for  minute  injection,  and  have  found  that  in  death  by  sudden  shock  the 
vessels  remain  in  a  relaxed  state  for  a  sufficient  time  after  death  to 
enable  us  to  complete  the  injection.  In  some  cases  a  good  result  is 
gained  by  destroying  life  in  an  atmosphere  of  carbonic  acid,  but  I  lind 
tlut  the  very  sudden  death  produced  by  a  tall  from  a  height,  dashing  on 
the  ground,  &c.,  is  the  most  advantageous.  Any  small  animal  maybe 
wrapped  up  in  a  cloth  and  thrown  suddenly,  and  with  some  violeitce, 
upon  the  ground.  In  order  to  avoid  mpiuring  any  of  the  tisstiei,  the 
animal  must  be  well  protected  by  several  folds  of  the  cloth.  Swinging 
veiy  rapidly  through  the  air  also  destroys  life  very  suddenly,  without 
causing  that  sudden  contraction  of  the  muscles,  which  seriously  intei- 
feres  with  the  prci)aKition  of  successful  injections. 

Good  injections  may  be  made  a/ier  the  rfger  martit  has  entirely 
passed  olT,  and  formerly  no  injections  were  attempted  before  this  change 
had  occurred.  I  have,  however,  found  that  by  the  time  the  muscles 
have  again  become  relaxed  the  finer  branches  of  the  nerves  have  begun 
to  soften  or  are  entirely  destroyed,  and  many  delicate  structures  have 
become  so  much  altered  that  it  would  not  be  possible  for  any  one  who 
was  acquainted  with  their  natural  appearance  to  rccognixc  them.  Hence 
it  is  undesirable  to  put  off  the  oi^eration  of  injection  if  we  desire  to 
demonstrate  in  the  specimens  we  are  about  to  prepare  any  facts  besides 
the  mere  arrangement  of  the  capillary  vessels. 


ON  STAmiNG  TUB  BIOPLASU  AND  FORMED  UATBRIAL.  Or  TISSUES. 


The  plan  of  staining  tissues  artificially  is  one  from  which       

advantage  has  been  already  derived,  and  it  is  probable  that,  by  modj- 

firations  of  the  processes  already  adopted,  and  by  the  discovery  of  new 

^Any  new  and  most  important  facts  will  be  added  to  our  knowledge. 

pointed  out  that  the  process  of  staining  may  be  employed  f<c« 
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Ivo  Tei7  diffbcDt  purposes,  and  it  U  impoitant  that  the  student  should 
Ibtc  a  dear  notion  of  the  objects  to  be  gained  by  the  process  before  he 
agouti  K>  cany  it  into  practice.    Staining  may  be  employed : — 
I,  Fat  colouring  the  invariably  perfectly  colourless,  and  often  in- 

niible  bit^asm  or  Iwing  matter  of  any  cell  or  tissue,  at  any  9%e^ 

in  the  cue  of  vegetable  or  animal  icxttues. 
\t.  For  demonstrating  peculiarities  in  the  build  of  ^fi/ormtd  material, 

tii-DttU/,  intercellu/ar  tuMance,  or  tissut,  and  for  ascertaining  the 

order  in  which  the  several  ports  of  which  it  is  composed  have 

been  laid  down. 

0/  Cdoaring  tht  Bitfplasm, 

IM.  ar  ColmirlBs  ikr  Bloplaim  or  UtIbk  MMur. — This  living 
[  is  in  all  cases  in  the  natural  state  perfectly  clear  and  transparent. 
it  MTtf  othibits  structure,  and  is  invariably  colourless.  It  possesses 
la icid  reaction,  or,  to  speak  more  correctly,  an  acid  reaction  Is  always 
dmbped  immediately  after  its  death.  Hence,  if  a  coloured  alkaline 
M&ttim  from  which  the  colouring  matter  may  be  precipitated  or  fixed  by 
uicid,be  caused  10  \ias%  into  bioplasm  which  has  recently  died  but  has 
Dotjct  ondogone  decomposition,  the  alkali  is  neutralised  by  the  acid 
poctti,  and  llie  colour  is  retained.  It  Is  probably  precipitated  in  a 
lUlc  of  TO)-  minute  subdi^-ision,  or  combined  with  some  of  the  consli- 
tDoac^lbe  bioplasm  to  form  a  compound  insoluble  in  weak  acid.s. 

Tie  tiiou  itstlf  er  f&mud  mattrial  being  ordinarily  bathed  with  an 
ifa&M  flnid  does  not  take  the  colour,  and  hence  by  carrying  out  the 
with  due  care  the  bioplasm  or  living  matt^r  may  always  be 
'  n^lt  the  farmal  material  or  iisiut  remains  per/eelly  coleurleu. 
iff  toe  can  satisfy  himself  of  this  fact  by  placing  upon  a  glass  slide  a 
fcrlivCT  cells  from  any  animal  immediately  after  its  death.  If  a  drop 
« do  o(  the  solution  of  carmine  in  ammonia  be  allowed  to  (low  over 
tbtcdii,  die  nucleus  or  mass  of  biojilasm  uf  each  cell  will  be  tinted  in 
ftt  nurse  of  a  few  seconds^  nltile  the  outer  part  of  the  cell  will  not  be 
Aotd 

Staining  the  bioplasm  may  be  carried  out  long  after  the  death  of  the 
an)  if  the  development  of  an  alkali  by  decomposition  be  prevented 
bf  iknlul  or  socne  other  preservative  fluid.  Specimens  intended  for 
iiheqaot  staining  should  be  immersed  in  a  preservative  fluid  rmm^ 
iutiij  c/ler  Aa/A.  In  practice,  however,  it  is  always  better  to  carry  out 
1^  Bai&iDg  process  at  once. 

(tcm  the  abm-e  remarks,  it  must  not,  however,  be  inferred  that 
finn[  mitter  can  be  stained  by  alkaline  colouring  fluids  only.  Solutions 
ofuAXi/ reaction  may  be  employed  if  the  bioplasm  be  rendered  0/^' 
^ia  the  first  instance  by  soaking  the  texture  in  a  wc.ik  solution  of 
•naioatt.    i  have  prq^ared  some  beautiful  specimens  as  follows : — An 
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alkaline  solution  was  injected  into  the  vessels,  and  after  allowing  twelve 
liours  or  more  for  the  tissues  to  become  thoroughly  permeated,  die 
iinest  Pni&stiin  blue  {iu  part  VI)  was  introduced.  The  latter  passed  lato 
the  very  substance  of  the  bioplasm,  which  was  tinged  much  more  deejily 
than  the  surrounding  materiaL  The  liver  cell  may  be  thus  impreg- 
nated with  the  blue  in  every-  part.  It  seems  probable  that  by  prose- 
cutinj>  more  detailed  enquiries  in  this  direction,  wc  mayleam  something 
concerning  the  physical  armngemenl  of  the  matter  constitutirig  the 
formed  material  The  bioplxsm  may  also  be  tinted  with  a  fluid  of  neuttaJ 
reaction,  because,  as  I  have  shown,  there  are  invarLibly  ctirrents  tending 
iffwartii  the  bioplasm  as  long  as  this  mailer  remains  in  a  living  state ; 
but  the  advantage  of  the  alkaline  solution  of  carmine  is,  that  the  alkali 
is  neutralised  when  the  solution  [masses  into  the  bioplasm,  and  the  car* 
mine  is  fixed  there.  In  endeavouring  to  draw  correct  inferences  re- 
garding the  natural  arrangement  of  the  )iarts  prepared  in  this  way,  H 
must  not,  however,  be  forgotten  that  the  alkaline  ammonia  may  have 
effected  alterations  in  the  formed  material,  and  modilicd  its  structure  in 
An  important  manner. 

Specimens  prepared  in  the  manner  suggested  above  enable  us  to 
|irove  the  unsoundness  of  the  old  \'iews  concerning  the  supposed  ocB- 
vail  and  cell  contents,  and  the  incorrectness  of  more  modem  assenions 
concerning  the  slight  imijortance  of  the  "nucleus," 

mi.  ProcCM  or  HiAlnln*  followed  by  the  Mer.  Irfim  S.  Ci.  «K»»nM. 
— Welcker  was,  I  believe,  one  of  the  first  observers  to  employ  a  solutioa 
of  carmine  for  the  ])urpose  of  staining  the  nuclei  of  tissues,  and  Gerlaeh 
was  an  early  and  most  successful  advocate  of  this  plan.  It  has  been, 
but  I  think  wrongly,  stated,  that  Gcrlach  was  the  first  who  adopted  the 
process.  The  dale  of  Gerlach's  work  was  1858  ("  Mikioskopischc 
Studien  aus  dem  Gcbictc  dcr  Mcnschlichcn  Morphologic."  Eriangen). 
But  it  was  in  June,  1856,  that  the  Rev.  Lord  S,  G.  Osborne  showed 
that  nuclei  were  more  deeply  tinged  by  carmine  than  other  parts  of  the 
oeU.  ("Vegetable  Cell  Structure  and  its  Formation,  as  seen  in  the  early 
stages  of  the  Growth  of  the  Wheat  Plant.")  S/e  also  the  plate  acc^MH- 
iwiying  that  paper  ("  Trans.  Mic  Soc,"  vol.  V,  pL  IV,  1856).  Lord 
Osborne  allowed  the  plants  to  grtnv  in  the  carmine  solution,  flw 
growing  parts  were  stained  most  successfully.  Tlie  method  was  rtot, 
however,  applied  to  investigations  on  animal  tissues. 

■■■.  ceriNcta'a  Vrtbad  of  HtainiiiK- — Gcrlach  rcsortcd  to  the  car- 
mine staining  process  for  investigating  the  structure  of  animal  ctssucL 
He  first  used  a  concentrated  solution  of  carmine  In  ammonia,  vaA 
placed  the  sections  of  brain  and  spinal  cord  pievioasly  hardened  by 
chromic  acid,  in  the  carmine  fluid  for  from  ten  10  fifiocn  minutes.  They 
were  then  well  washed  in  water  for  some  hours,  and  ircated  with  acetk 
Add.    Tbe  water  and  acid  were  removed  by  immersion  in  alcohol    llie 
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ivere  afterwards  mounted  in  Canada  balsam.   Gcrlach  found  that 
ailutions  (cwo  or  ihrvc  drops  of  the  ammoniacal  solulion  of 
to  an  ouDD;  of  vrater),  and  maccnitioQ  for  /rtv  or  thrre  days, 
\  better  results. 
at.  tlM  Xnittfor'm  rarmine  naid,  for  staining  atl  forms  of  bioplasm 
I  |mtt|  things,  is  mjdc  as  follows :  — 
Carmine,  10  grains. 
Strong  liquor  ammonLi:,  \  drachm. 
Strong  glyxrerine,  2  ounces. 
Distilled  water,  2  ounces. 
Alcohol,  i  ounce. 
Ttc  canoine  in  small  fragments  ts  to  be  placed  in  a  lest  tube,  and 
dcjUBiiwriia  added  to  iL     By  agitation,  and  with  the  aid  of  the  heat  of 
I  mnt-Ump,  the  camitne  \s  soon  dissolved.     The  ammoniacal  solution 
flIolxboJed  for  a  few  seconds  and  then  allowed  to  cooL     After  the 
of  an  hour,  much  of  the  excess  of  ammonia  will  have  escaped, 
g^cuine  and  water  may  then  be  added,  and  the  whole  passed 
I  (titer  or  allowed  to  stand  for  some  time,  and  the  perfectly 
dor  stficniatant  fluid  poured  off  and  kept  for  use.     This  solution  will 
Isep  Tor  months,  but  sometimes  a  little  carmine  is  deixnited,  owing  to 
ibe  csupc  of  ammonia,  in  vrhich  ca»e  one  or  two  drops  of  liquor  oin- 
mniamiy  be  added  to  the  four  ounces  of  carmine  solution. 
He  lapidity  with  which  the  colouring  of  a  tissue  immersed  in  this 
tike*  place,  depends  partly  upon  the  character  of  the  tissue  and 
rtlj  upon  the  excess  of  ammonia  present  in  the  solution.     If  the 
be  very  alkaline  the  cohmring  will  lie  too  intL-nsc,  and  much 
' ti ^  mW  lissiu  or  im[)crfectly  deveto|)ed  formed  material  around  the 
Usplum  wQl  be  destroyed  by  the  action  of  the  alkali.     If,  on  the  other 
,  the  reacUon  of  the  solution  be  neutral,  the  uniform  sUiining  of 
I  twl  biopbsm  may  result,  and  the  ap|)caianccs  from  which  so  much 
'  be  leanit  arc  not  always  produced.     When  the  vessels  are  injected 
I  (be  Pnuisiiui  blue  fluid  before  the  staining  proccKi  is  adopted,  the 
fluid  should  be  sufficiently  alkaline  to  neutralise  the  free  acid 
The  permeating  power  of  the  solution  is  easily  increased  by 
ixlditioi]  of  A  little  more  water  and  alcohol.     In  some  cases  the  fluid 
:  bt  diluted  with  water,  alcohol,  or  glycerine,  and  the  obsen-er  must 
i  haaily  condemn  the  process,  or  conclude,  as  some  have  done,  that 
■  psiioilar  form  of  bioplasm  is  not  to  be  coloured.     Those  who  speak 
ll'its  have  not  given  the  plan  a  fair  trial,  and  have  nut  tried  the  effects 
[  A  wlution  containing  a  little  alcohol  or  otherwise  modified. 
Notwithstanding  the  advantages  of  the  above  plan  and  its  success  in 
of  many  observers,  objections  have  been  urged  against  it  by 
:trho,  I  venture  CO  think,  liave  not  made  themselves  familiar  with 
^  poetical  details  of  the  method.     It  has  been  said  tlul  the  formed 


126 


HOW  TO   WORK  WITH  THE  MICROSCOPE. 


material  may  be  stained  as  well  as  the  bioplasm.  As  erery  one 
almost  any  thing  may  be  stained.  Hair,  hom,  wool,  paper,  Brc, 
deeply  dyed,  even  after  they  ha\'c  been  thoroughly  dried, 
poitant  fact,  however,  is  not  that  the  tissue  may  be  stained,  but  tfc 
bioplasm  or  a  tissue  may  be  derfiy  c^umf,  tUihough  the  farmed 
which  muU  he  trai'ened  by  the  staining  fiuui  in  the  fint  mstani 
siaintd  at  ali.  This  is  the  case  with  all  bioj)lasm,  and  it  seems 
fact  C7f  (at  higher  significance  than  is  generally  admitted.  By  the 
of  investigation  described  it  becomes  possible  not  only  to  distil 
bioplasm  in  all  cases,  but  to  show  definitely  (he  mode  of  for 
the  tissue.  And  in  many  instances,  by  this  method  of  procecdi, 
can  accurately  determine  which  is  the  otdest  and  which  the 
portion  of  the  tissue.  Drawings  of  various  tissues,  in  whic 
bioplasm  has  been  stained  by  the  above  process,  are  given  in  plate ! 
p.  I  ro,  and  in  plate  XXXI.     (See  also  the  plates  in  part  VI.) 

In  3  pa[>cr  un  the  ova  of  the  stickleback  ("  Microscopical  Jc 
January,  1867),  Dr.  Ransom  has  expressed  himself  against  the 
investigation  I  have  followed.     His  objections,  however,  are  n« 
and  some  of  the  remarlts  he  has  made  jirove,  I  think,  that  he 
succeeded  in  preparing  specimens  according  to  my  method, 
replied  to  sontc  ctf  my  friend's  statements  in  a  subseijuent  nt 
the  joumaL 

Some  direct  that,  when  a  tissue  is  too  deeply  stained,  it  she 
washed  in  water  or  in  spirit,— direcdons  which  clearly  indicate 
aiithorily  has  little  practical  acquaintance  «ith  the  method,  and 
acquainted  with  the  principles  un  wliich  the  process  rests.    The 
lion  would  not  be  made  by  any  one  who  was  aware  of  the 
duced  by  the  colouring  process,  when  properly  conducted.    Many 
remarks  in  connection  with  this  matter  could  only  have  been 
persons  who  had  never  seen  a  preparation  jiroperly  coloured,  ane 
arc  not  aware  of  the  great   value  of  the  operation.     Again,  it 
been  recommended  that  tissues  should  be  stained  with  Ihe  camiii 
after  they  have  been  hardened  in  chromic  acid  fluid,  alcohol,  and] 
media.    Staining  thus  effected  conveys  little  information,  and  ma 
lead  the  obscr\-er.     But  the  most  serious  opiwsition  to  the  adof 
the  method  of  procedure  I  have  recommended,  and  to  the  acce( 
of  the  conclusions  I  have  arrived  at,  is  on  the  part  of  some  wha^ 
quite  made  up  their  minds  that  all  the  phenomena  of  living 
are  due  to  machinery  which  is  not  to  be  demonstrated  by  this 
other  process  of  investigation.     For  fiiTthcr  detaib  conccmingi 
nutters,  set  part  VL 

Of  Staining  the  Farm&i  Materia/. 
The  coloured  fluids  referred  to  in  the  succeeding  sections 
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for  doting  the  /mu£  or  formed  material^  while  the  canninc  fluid  I 
ha>-e  nrcomnicnded,  in  §  199,  is  for  staining  the  biaptasm  only. 

!•«.   Thlcnrb'*  cmrmlae    nnia.— Frey  ("Da5   Mikioskop")  gives 

[Tluefsch's  Quids  for  colounog  tissues  by  carmine.    Carmine,   i  pait. 

CaDstic  aminonia,  1  part.     Distilled  water,  3  (arts.     This  solution  is  to 

be  tillered.    The  following  solution  is  to  be  prepared  in  a  separate 

[vesid : — Oxalic  acid,  1  part     Distilled  water,  32  parts. 

Odc  part  of  the  carmine  solution  is  to  be  mixed  with  8  parts  of  the 
«saUc  acid  solution,  and  t  z  parts  of  absolute  alcohol  are  to  be  added. 

If  the  sohitioQ  15  orange-coloured  instead  of  dark  red,  more  ammonia 
[kveqatred,  and  the  orange  will  become  red.    The  orange  colour  may 
fabo  be  used  for  siaining.     If  crystals  of  oxalate  of  ammonia  become 
ibniurd  tliey  must  be  separated  by  filtration. 

lat  Tucnck>  uiM  coioarinjc  n«id. — Borax,  4  |>arts.  Distilled 
water,  56  parts. — Dissolve  and  add,  of  carmine,  1  part. 

Tbc  red  solulion  is  to  be  mixed  with  twice  its  volume  of  absolute 
alcohol,  and  filtered.  The  precipitate  of  carmine  and  borax  is  re- 
dinolvcd  ID  distilled  water,  and  is  ready  for  use  It  colours  more 
•lowly  than  the  ted  solution. 

sas.  Aniiia  iToiour*. — The  bcauiiful  reds  and  blues  which  have 
I  been  lately  so  largely  used  as  dyes,  popularly  known  in  this  country  as 
'  3fa^Dta  and  SoUerino,  liavc  been  much  eni]-»Io>'ed  by  microscopists. 
[The  colour  is  not  very  soluble  in  water,  but  is  readily  dissolved  by 
^hoL  A  grain  of  the  colour,  to  or  15  drops  of  alcohol,  and  an  ounce 
dtstQlcd  water,  make  a  dark  red  solution ;  or  the  colour  may  be 
in  water,  allowed  to  cool,  and  then  filtered.  This  fluid  colours 
very  readily.  Many  exceedingly  delicate  and  perfectly  trans- 
.ra,  which  are  almost  invisible  in  the  natural  state,  can  be 
r.  lorily  demonstrated  by  the  use  of  this  coloured  fluid.  The  . 
of  ciliated  epithelium  may  be  tinted  while  they  continue  to  vibrate, 
substance  of  the  cell  becomes  coloured,  however,  the  action  of 
cSia  ceases.     Every  kind  of  eel!  wall,  Htlwate  mcmbmne,  and  trans- 

tissM  may  be  tinted  with  these  colours. 
Mjucnta  has  been  recommended  by  Dr.  Roberts  for  showing  a 
'  ioicnite  spot  connected  with  the  red  blood  corpuscles  of  man.  ("  On 
IKCuliar  apjicaranccs  exhibited  by  blood  corpuscles  under  the  influence  of 
solutions  cA  magenta  and  Unnin  "--"  Proceedings  of  the  Royal  Society," 
wa\.  XIV,  p.  481,  Na  S3,  April,  1863.)  The  peculiar  action  exerted  by 
nBigcnta  and  tannin  upon  the  red  blood  corpuscles  has  not  yet  been 
feat^fiKiorily'explained,  but  the  late  Dr.  Hughes  Bennett,  of  iuhnburgli, 
ttHA  mr  that,  with  the  aid  of  verj-  high  powers,  he  had  demonstrated 
that  the  minute  si»ot  api^anng  after  the  blood  corpuscles  had  been 
soaked  In  magenta  exhibited  angles,  and  he  considered  that  it  was  in 
fad  a  minute  crjitaljwhich  had  formed  upon  the  corpuscles.    This 
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explanation  certainly  does  not  apply  to  the  spot  which  ts  de\-eIoped  U) 
connection  with  ail  red  blood  corpuscles  subjected  to  the  action  of 
tannin  nnd  other  solutions. 

s«s.  Blue  anfl  YioKi  coimini  for  AiaiiitiiK. — Thiersch  rccoTntnendft 

the  following  fluid,  the  composition  of  which  1  lake  from  Frcy : — 
Oxalic  acid,  i  part. 
Distilled  water,  sz  parts. 
Indigo  carmine,  as  much  as  the  solution  will  take  up. 

Another  solution  of  oxalic  acid  and  water  in  the  same  proportion  is 
required.  One  volume  of  the  first  solution  is  mixed  with  two  vdumcs 
of  the  last  and  nine  of  absolute  alcohol.  The  mixture  is  then  filtered, 
and  is  ready  for  ttse. 

An  anilin  blue  fluid  may  be  made  as  follows  >— 
Soluble  anilin  blue,  j^  grain. 
Distilled  water,  i  otince. 
Alcohol,  25  drops. 

This  fluid  is  not  acted  upon  by  acids  or  alkalies.  Frey  stroa^ 
recommends  a  Quid  of  this  description  a:;  very  uscfiil  for  colouring  mugr 
tissues. 

Viclet  Staining  with  HizmaioxyHn. — "  The  ordinary  extract,  hacma. 
toxylin,  is  nibbed  down  in  a  mortar  with  thTX!C  times  its  bulk  of  alum,  till 
both  are  reduced  to  a  fine  powder,  and  well  mixed.  A  small  quantity  of 
distilled  water  may  now  be  added,  and  the  whole  well  rubbed  together  for 
15  or  3o  minutes.  More  water  may  now  be  added  and  the  solution,  after 
filtration,  should  present  a  somewhat  clear  dark  \nolet  colour.  Two 
drachms  of  75  per  cent,  alcohol  may  now  be  added  to  each  ounce  of  Ac 
solution." — "  Monthly  Journal  of  Microscopical  Science,"  December, 
.  187a,  p.  S77.  Frcy  preparcsthc  above  in  this  way  : — .\n  aqueous  solution 
of  the  extract  of  logwood  is  to  be  mixed  with  a  solution  of  alum  (r  part  of 
the  salt  to  Sports  of  water]  till  the  deep  red  colour  has  become  violeL  The 
fluid  b  then  filtered.  These  harmaioxyltn  fluids  may  be  used  for  fresh 
tissues,  and  for  tissues  hardened  by  chromic  acid  or  alcohol  Tissues 
colour  ver>*  rapidly  and  very  deeply,  in  from  half  a  minute  to  10  or  even 
15  minutes.    They  may  be  mounted  in  Canada  balsam  or  daroar. 

s«4.  TftimlB. — Although  tannin  docs  not  colour  animal  membrar>c, 
it  alters  its  character  to  such  an  extent  as  to  enable  us  to  see  many 
peculiar  points  of  structure  or  arrangement  not  visible  before,  ot  il 
produces  a  chemical  change  upon  the  substance,  from  which  we  gain 
imponant  information.  Solutions  of  magenta  and  solutions  of  tanntn 
hare  been  much  used  in  investigations  upon  the  blood  corpuscles.  The 
action  of  tannin  upon  the  red  blood  corpuscle  ts  %'cry  peculiar ;  it  has 
been  specially  studied  by  Dr.  Roberts,  of  Manchester,  as  mentioned 
above.    The  solution  is  made  by  dissolving  5  grains  of  tannin  in  an 
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Qfgia  of  distilled  water.  One  drop  of  blood  may  be  mixed  with  4  or  5 
diuot  of  the  Unnin  solution  andajxirlion  of  the  imxture  examined  under 
tiK  oBCfmtoixr- 

SM.  Sniuitan  uf  Nil  rale  sf  MlT«r. — Of  Utc  years  ntlrale  of  silvcr 

tus  hcea   used   for  suioing    tissues.     RerVlinghausen  and  Jits   have 

T-r!'""^  this  filan  with  grvat  success.    A  wsk  solution  may  be  imbibed 

.  -dc  lubes,  and  port  being  precipitated  in  the  tube,  perhaps  as  a 

■  or  in  combtnaiion  with  some  albuminous  material,  suSse<juenlIy 

.  decomposed  by  liie  action  of  light     A  ver>'  dark  line  results, 

'  -  the  jiostiiun  of  a  previuu&ly  iierfectly  invis)l>lc  minute  channel 

■y  deuionsi  rated,    'i'he  t'»f/i»fs  of  epithelial  cells  and  the 

■  '■»een  Uiera  may  be  demonstrated  by  this  process.     Trans- 

MjcDl  cooncctiTe  tissMC  .-uid  tlie  t'u/ir  part  af  ails  can  thus  be  coloured, 

^Ktiia  reiaaininx  ^rftetly  calourUis  and  transparent.     'I'he  bioplasm, 

b;  loofitr   immersion,    will  also   be  coloured,   and   probably  for  tlm 

RMcn :— As  long  OS  tlie  biopUsm  remains  olive  it  resists  the  action  of 

Atnluiion,  but  when  it  dies,  the  matter  resulting  from  it^  death  im- 

Idia  die  solution  wliiuh  remains  with  it 

The  appearances  produced  by  staining  with  nitrate  of  silver  may  be 

Dade  lovai>'  very  much  by  mudifyiog  the  mode  of  procedure  and  tbc 

ne  which  the  preparation  is  allowed  tu  rciuoin  in  the  solution.     After 

king  in  the  nitrate  of  silver  solution  for  some  lime  the  specttnen  must 

pbtcd  in  distilled  water,  or  in  a  weak  solution  of  common  salt,  in 

oala  to  wash  away  the  nitrate  which  adheres  to  the  sur&ce  or  occupies 

tt»  mictvals  between  the  cells.     Wlu-n  this  ha.s  been  effected  the  spcci- 

ocn  it  cxfioicd  to  daylight  or  sunlight  uutil  the  Te<|uisite  degree  c^ 

fcUckeiring  has  been  obtained.     The  strength  of  the  solution  employed 

■ly  be  v-iruid  according  to  circumstances.     Rceklinghau.s..-n  uses  a  very 

dilute  t^utiuo,  consisting  of  1  jiart  of  nitrate  of  :bilver  to  400— Soo  of 

^Itttilled  water. 

i  lure  of  the  cornea  has  been  recently  investigated  by  His, 

>*«. :      jc  had  been  preiwied  according  to  this  plaa    The  so<alled 

[_" tettrccUulai  substance"  (formed  material)  only  may  be  coloured,  or, 
!h«  whole  -jlructure  has  been  thoroughly  impregnated  with  the 
,  tbc  latter  nuy  be  removed  from  the  formed  material,  while  that 
^fccn  »{>  by  the  nuclei  (masses  of  bioplosin  or  living  inactci)  is  retained, 
nay  be  decomposed  by  being  exposed  to  light.  In  Uiis  cose  the  nuclei 
biopUuts  nppcnr  very  dark  ai>d  are  surrounded  by  a  pale  brown 
>^%>id  materiid.     His  thinks  that  when  the  nuclei  are  coloured,  the 
apitale  of  chloride  of  siKx*r  in  tlte  formed  material  is  rc-dissolved  and 
by  them.     It  reroaijui,  and  is  afterwards  reduced  by  the  action 
|"f  thcUghl. 

%»%.  imIbuvw  «r  (-htovide  af  Vuiu. — Weak  solutions  of  pcrrhloride 
oTjdU  have  bttii  much  used  of  late  years  for  colouring  nen-e  fibres,  for 
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it  has  been  found  that  dclicaic  nerves  thus  acted  upon  exhibit,  afte 
exiKteure  to  lighi,  a  blue  or  violet  tinge.  A  solution  containing  from  i 
to  I  per  cent,  in  distilled  water  should  be  made.  The  tissue,  aAe 
having  been  soaked  till  it  becomes  straw-coloured,  is  to  be  washed,  an| 
then  pUiced  in  very  dilute  acetic  acid,  contaimDg  t  per  cent,  or  Int 
The  ncncs  become  coloured  in  the  course  of  a  few  hours.  By  thj 
plan,  Cohnheim  professes  to  have  made  out  very  fine  nerve  fibres,  whicl) 
lie  says,  |>»ss  from  the  plexuses  in  the  cuniea  lo  inttrrvals  between  tbi 
fells  of  the  fonjunrtival  epithelium,  and  after  rcirhing  ihc  surface  of  lh| 
structure  end  in  t(rmmai  fr^e  cxtrnttUiet.  1  think,  however,  we  shouU 
receive  such  statements  with  the  utmost  caution,  and  although  Professa 
KoUiker  ha.s  accepted  the  view,  I  cannot  adopt  it  without  much  strong^ 
evidence  than  has  bt-en  ad\-anccd  in  its  fa^'our.  Many  cuniiideniiintl 
make  me  think  it  will  turn  out  to  be  Incorrect.  Cohnbeim's  drawing 
alone  excite  doubt  in  ray  mind  concerning  the  accuracy  of  his  obser™ 
tions,  and,  at  Ica'it  in  my  hands,  the  mode  of  i>reparalion  reoommcndH 
has  not  afforded  results  nearly  so  salisfactor>'  as  those  [  have  obtaine 
by  adopting  other  methods  of  investigation. 

Many  modifications  of  the  above  processes  of  in\-os ligation  have  bee 
tried  by  me.  I  have  found  some  adx-antJige  from  using  glycerine  wil 
the  fiuids,  but  at  present  I  have  no  special  plan  to  recommend.  \W\\ 
1  fully  acknowledge  the  accuracy  of  many  of  the  drawings  and  descri|{ 
tions  given  of  the  appearances  resulting  from  the  use  of  nitrate  of  ijln 
and  chloride  of  gold,  1  am  not  convinced  that  many  of  the  iriterprrti 
tions  and  conclusions  which  have  been  given  and  acccptc-d  conceituq 
the  structures  demoiistr.ited,  are  true.  Some  will,  I  think.  ha*e  to  h 
much  modified  in  the  future.  The  dark  lines  resulting  from  the  silW 
process,  which  have  been  conMdcrcd  in  many  instance.*:  to  be  ik 
OHlIines  of  epithelini  cells,  as  for  example  in  small  wsscls,  mark,  1 
believe,  the  Uncs  of  junction  of  the  several  elementarj-  parts  of  wWdl 
the  tissue  of  the  vessel  consists.  So,  too,  with  reference  to  si)cdnrt«* 
prepared  with  gold,  I  am  disposed  to  think  that  many  of  the  Unci 
wliich  are  rendered  so  ver^'  distinct  by  the  black  deposit  will  be  provol 
to  have  nothing  to  do  with  the  transmission  of  nerve  currents,  and  tint 
certain  of  the  conclusions  generally  received  will  turn  out  to  be  incomct, 

SOT  KoinUnn  nf  Oxiiilc  Arid  (Os.Oi)  hxs  been  sironj^ly  rKOfl}' 
mended  for  di'monstrating  delicate  nerve  structures  by  MM.  Schulia 
and  RoudnefT,  because  it  tinges  the  white  substance  of  Schwann  ukI  al 
fonns  of  Myelin  in  various  kinds  nf  ncr\'e  fibres,  of  a  very  dark  rolmi 
or  almost  black.  Other  textures  are  neither  coloured  so  tpiickly  nor  ^ 
intensely,  and  of^en  e:(hibit  only  a  bmwni&h  tinL  It  is  suggested  thalj 
wfith  the  aid  of  this  substance,  ncr»'e  fibres  ramifying  in  various  texturel 
»nay  lie  stairwd,  and  thus  distinguished  from  other  elements  of  thj 
tissue.    Solutions  of  various  strengths  nuy  be  employed  but  one  }wt 
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osmic  acid  in  100  of  water  is  stated  to  be  strong  enough  to  produce  the 
desired  effect.  I  have  tried  this  plan,  but  must  confess  that  I  have 
gained  nothing  by  its  adoption.  I  can  show  finer  nerves  and  more 
dearly  by  other  methods  than  any  that  I  have  been  able  to  demonstrate 
eithei  by  the  gold  or  osmic  acid  solutions. 

m.  (Mhcr  MctalUc  Salts. — Tissues  may  also  be  impregnated  with 
other  solutions  of  metallic  salts.  Acetate  of  lead  has  often  been  em- 
ployed. The  tissue  may  be  soaked  for  some  time  in  a  weak  solution,  or 
1  weak  solution  with  a  little  glycerine  may  be  injected.  When  the 
[issues  are  well  saturated,  thin  sections  may  be  made,  and,  after  having 
been  slightly  washed,  they  may  be  placed  in  a  dilute  solution  of 
glycerine,  through  which  sulphuretted  hydrogen  may  be  passed.  Living 
plants  will  take  up  solutions  of  various  metallic  salts,  which  may  then 
be  precipitated  in  the  textures  or  in  the  channels  by  the  appropriate 
reagents. 

Mt.  XotUfleatlon  of  the  forairofnff  Plana. — The  observer  will 
percdve  that  the  processes  referred  to  under  the  head  of  "  Staining  the 
^plasm  and  Formed  Material,"  are  capable  of  almost  endless  modifica- 
tion. Every  one  engaged  in  a  special  investigation,  will  naturally  try 
\arms  modes  of  preparation.  Having  decided  upon  one  which  seems 
to  offer  considerable  advantages,  he  will  try  various  modifications  until 
he  meets  with  success.  I  have  not  attempted  to  give  the  minute  recom- 
mend^ons  of  various  observers  who  have  employed  some  of  these 
jTOcesses,  but  have  merely  indicated  the  general  method  of  procedure. 
,\liew  experiments  will  teach  the  observer  more  than  the  most  minute 
instmctions,  and,  however  carefully  directions  may  be  given,  it  is  seldom 
tluJ  any  one  succeeds  the  first  time  he  endeavours  to  follow  them  out. 
Those  who  desire  to  do  real  work  in  this  department  must  be  patient, 
and  must  work  od  steadily,  until  they  meet  with  success. 
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PART  nr. 

OH    DEMONSTRATING    THE    ARRAXGKMENT  OF    THE    RTOPI.ASM     {U\ 

matter)  and  the  structure  of  TIIG  tissues  (FX>KME:D  MATCRtAb 
OF  MAN,  AMD  THE  HIGHER  AMMALS — OF  THE  TrsSUES  OF  TB| 
LOWER  ANIMALS — OJ  THK  DEMONSTRATION  OF  THB  TISSUX5  0( 
PLANTS,  AND  OP  PLANT  CRVSTAI^^P  COLLECTING  AND  TttXttvi 
At.IVE  THE  LOWER  ANIMAl^  AND  PIANTS,  AND  OP  EXAMIN(3r4 
THEM  IN  A  LIVING  STATE— THE  EXAMINATION,  DFMONSTKATtfJB* 
AND  HOUNI'ING  OF  MINERALS,  RUCKS,  AND  FOSSILS — TU£  WDK.I 
TABLE^-OF  MAKING  AMD  RFa;ORD1NG  OBSERVATIONS— OF  TKJ 
FALLACIES  TO  BE  GUARDED  AGAINST  IN  MICROSCOPICAL  tNVSST^ 
CATION. 


Although  all  Ihe  tissues  which  consUtulc  the  bodies  of  man 
the  higher  anitnals  are  dcvc:io]red  from  structureless,  hontogeiieoaJ 
colourless  bioplnsm,  Ihey  exhibit,  in  their  fully  formed  state,  strikio^ 
strudural  peculiarities  which  the  microscopical  observer  has  to  lean  M 
recognise  and  demonstrate.  As  soon  as  he  enters  upon  his  investigif 
tion  he  will  discover  that  the  various  lissues  and  organs  of  animals  uU 
plants  for  the  most  part  are  compoumi^  and  are  made  up  of  scvenri 
distinct  elcmcntarv  stnictiircs.  For  example,  the  smallest  portion  dl 
flesh  or  muscular  tissue,  which  can  Ik;  removed  with  a  knife  or  pair  (■ 
scissors,  is  composed  of  several  distinct  structures,  which  ijcrfortfl 
difft;rent  olhtes,  ajid  arc  developed  in  a  different  manner.  In  the  fiisC 
place  must  be  noticed  the  proper  substance  peculiar  to  and  characteiiitid 
of  every  form  of  miiscuUr  tissue,  in  which  the  contractile  projiciirl 
residesL  Secondly,  at  least  in  most  cases,  we  find  a  tube  composed  ii 
l»erfertly  clear,  transparent,  almost  struetureliss  membrane,  and  called  ll» 
tarceleiMPut,  in  which  this  rontntaile  substance,  or  sarcous  matter,  ii 
contained.  Thirdly,  tliere  exists  a  certain  quantity  of  areeiar  or  oi*- 
luxtirv  tissue,  which,  continuous  in  structure  with  the  sarcolemma,  coo^ 
nccis  to|{ether  the  elementary  fibres  forming  a  muscular  bundle ;  and! 
not  uixfretjuenlty  associated  with  tliis  is  a  little /it/^  or  adipose  tisssu^ 
Fourthly,  are  the  fesseis  which  lie  between  the  elementary  lihres  yxA 
dewribcd,  in  which  the  blood  circulates  while  it  supplies  the  propel 
nutritive  elements  to  the  tissues.  In  the  fifth  place  we  find  Derve-fibr«^ 
rumtjng  in  the  same  position  as  the  vessels,  for  the  most  jvirt  connected 
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with  the  sarcolemma  by  delicate  fibres  of  connective  tissue,  and  at  least 
in  relation  with  some  of  the  fibres,  are  lymphatic  vessels.  And  lastly, 
the  observer  must  learn  to  demonstrate  that  which  is  sure  to  be  passed 
over  by  every  one  who  is  not  acquainted  with  the  methods  of  rendering 
ite\ident,  and  has  been  completely  ignored  by  many  excellent  observers, 
and  the  existence  of  which  in  some  tissues  is  even  now  denied  by  some 
authorities :  the  bioplasm  or  living  matter  from  some  form  of  which 
every  structure  in  the  body  is  developed,  upon  which  every  texture 
depends  for  the  transmission  of  the  fluids  necessary  to  its  maintenance 
during  life,  which  alone  saves  the  tissues  from  destruction,  by  which 
repair  is  rendered  pxKsible,  and  by  the  death  of  which  the  activity  of 
those  tissues,  which  is  usually  regarded  as  evidence  of  the  living  state, 
must  absolutely  cease.  Bioplasm  is  seen  in  the  drawings  given  in 
J1IS.XXX,  p.  no,  XXXI,  p.  126,  also  in  pis.  XXXIII  to  XXXV,  and 
in  some  of  the  plates  in  part  VI  this  bioplasm  ha.<)  been  represented  as  it 
appears  when  stained  with  carmine. 

SI*.  Ceneral  ObMrratlons  an  the  DcmonRtnitlOD  of  Mtnictarc. — 
It  for  instance,  we  examine  such  a  tissue  as  muscle,  that  is  the  ordinary 
Se$h  of  any  vertebrate  animal,  we  shall  find  that  it  is  made  up  of 
soeial  elementary  structures  which  can  be  distinguished  from  one 
another.  It  is  the  object  of  the  microscopical  observer  to  demonstrate 
these  several  structures  distinctly,  and  to  ascertain  how  they  are 
dereloped  and  how  they  come  to  occupy  jthe  precise  relations  to  one 
another  which  obtain  in  every  specimen  of  muscle.  Each  of  these 
tereral  elementary  tissues  has  its  special  anatomical  peculiarities,  and 
indifidual  properties  and  endowments.  Each  differs  from  the  others  in 
physcal  characters  and  chemical  properties.  Some  refract  light  very 
hi^;  others,  only  in  a  very  slight  degree.  One  may  be  greatly 
altered  or  even  destroyed  within  a  very  short  time  after  the  muscle  has 
been  removed  firom  the  body,  or  by  the  action  of  plain  water,  while 
others  resist  decomposirion  for  a  great  length  of  time.  All,  however, 
^ree  in  this  : — that  they  are  developed  from  structureless  bioplasm, 
which,  indeed,  represents  them  all  at  an  early  period  of  development. 

The  characters  of  one  elementary  tissue  may  be  demonstrated  when 
the  fiiily  formed  muscle  is  examined  in  water ;  a  second,  when  it  is 
immersed  in  syrup  or  glycerine  ;  a  third,  when  the  specimen  is  mounted 
in  Canada  balsam ;  while  the  arrangement  of  the  delicate,  transparent, 
capillary  vessels  cannot  be  satisfactorily  made  out  unless  a  particular 
l^of  preparation  be  adopted,  as  described  in  page  102. 

The  chemist  can  detect  a  number  of  other  compounds  of  the  pre- 
sence of  which  the  microscopical  observer,  unacquainted  with  methods 
of  chemical  analysis,  might  ever  remain  unconscious,  for  these  are  dis- 
wived  in  the  juices  of  the  muscle,  and  are,  therefore,  incapable  of 
bong  detected  by  the  eye  alone. 
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The  \"asi  difference  in  the  properties  of  the  several  textures  nbove 
enumerated  remlfrs  it  very  difficult  to  demonstrate  all  in  one  single 
specimen,  for  modes  of  trcatineni  which  favour  the  exhibition  of  one 
structure  will  often  render  another  quite  invisible.  Hence,  before  we 
can  hope  to  dcmonslralc  satisCiclorily  the  anatomical  peculiarities  of 
aoy  one  of  these  different  textures,  we  must  become  acquainted  with  its 
general  properties,  and  must  consider  the  mode  of  examination  likely 
to  he  most  efficient  in  rendering  its  anatomical  characters  dear  and 
distinct. 

The  WTilts  of  the  smallest  vessels  arc  so  thin  and  transparent  that  il 
ui  necessary  to  fill  the  tuhcs  viih  some  coloured  fluid  or  materia!  mone 
or  less  opaque,  if  we  wish  to  see  the  mode  of  arrangement  of  the 
vasculnr  network,  white  this  same  process,  as  ordinarily  followed  out, 
precludes  the  po&bibitity  of  tracing  the  (iner  rauiificaiions  of  the  nene^ 
Other  eleaientar)-  tissues  may  be  hidden  and  compressed  by  llie  dis- 
tended vessels.  To  demonstrate  the  nerves,  the  structures  in  whidi 
they  ramify  must  be  rendered  as  tnuisparenl  as  possible,  by  the  applica- 
tion of  a  chemical  agent,  or  by  immersing  the  specimen  in  a  highlf 
refracting  fluid. 

In  order  to  show  the  membrane  in  which  the  contractile  sarcout 
tissue  is  containwi.  the  muscular  tissue  must  lie  ruptured  within  the 
transparent  tube  in  a  perfectly  fresh  sf>ecinien,  or  it  must  be  sciucczed 
out  of  It  by  pressure,  or  the  sarcolemma  tnay  be  slightly  tinted.  I  have 
specimens  prescr\'ed  permanently  which  show  not  only  the  sarcolemma. 
but  the  disks  of  sarcous  tissue  separated  from  one  another,  but  still 
retaining  their  relative  position.s  within  it.  By  adopting  one  method  of 
demonstration  it  may  be  shown  that  the  contractile  tissue  of  the  elemen- 
tary fibre  of  muscle  may  be  split  up  longitudinally  into  a  number  of 
minute  fihrilla,  arranged  parallel  to  one  anrrthcr ;  while  uiuler  other 
circumstances  it  con  be  separated  transverselj'  into  a  multitude  of  sma3 
disks^  or  divided  in  both  directions,  in  which  case  a  number  of  small 
elementar)-  (lanii-les  of  definite  fonu  and  Mze  results.  By  conneciioa 
with  contiguous  particles,  ylrM'/Zic  mdiski  are  produced,  according  as  ibe 
jtarticlcs  adhere  to  each  other  most  intimately  by  their  sides  or  by  tlietr 
ends.  I  might  adduce  many  other  inslamts  of  the  neeesstty  uf  studyinj 
the  general  character  of  tissues  before  any  minute  examination  of  the 
individual  structures  is  attcmjitcd,  but  this  is  suDicient 

OF  DUIONSTRATINC  THE  DirfEHENT  STRUCTURES  OP  TBK  HIOMKE 
A»IUALS  AND  MAN. 

XII.  On    Drm»nMrailu«  ik«  AnatMalral    P^enllwrltlea  af  TImmmT 

— Now,    some    ubscrvcrs   who   have    not    sulViciently  considered    the 
difFetent  characters  of  the  ekmenury  slructurea  of  which  tlic  several 
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(wgans  of  the  body  are  composed,  have  strongly  objected  to  what  they 

lerm  mtthds  of  prrparathmy  aiseriing  thai  by  ihesf  prorcssc-s,  slnictures 

w:  wen  Jormed  aitiiicialJy  which  have  no  real  exi&tentie  in  the  natiual 

state  of  ihe  part.     For  this  view  there  is  something  to  be  Kiid,  though 

manr  of  lh«  data  on  whicli  it  reals  are  erroneous,  and  the  conclusion,  as  a 

$en«al  ocw:,  Ls  far  removed  from  ihc  tniih.     Doubtless,  from  the  suiwr- 

fidal  (xuntnation  of  a  dead  tissue,  wc  can  form  but  an  imperfect  con- 

tcpion  cJ"  the  arrangement  of  its  elementarx-  parts  *nd  iheir  wonderful 

■{latioa  to  the  work  ihey  are  designed  to  perform ;  neither  can  we 

(■conrect  idea  of  the  chaiiges  taking  place  during  life     Ahhough 

urc  media  in  which  we  can  immerse  a  recent  sjieeimcn  for  cx- 

tioR,  which    possess  some  of  the  characters  of  the  fluid  which 

bulks  the  tissue  during  its  lifetime,  even  serum,  which  is  probably 

^txarcit  approach  to  such  a  fluid,  differs  from  the  medium  actually 

tiding  Ihe  primitive  particles  of  the  tissues  in  many  im^iortant 

s,  and  those  who  rely  upon  the  appearances  of  a  specimen  in 

B,  for  being  "  natural,"  are  probably  mistaken. 

Hosiof  those  who  raise  objections  to  the  "  preparation  "  of  tissues, 

not  from  luriual  ol>ser%'ation  and  experience,  but  from  ihcory. 

rfimcy  tissues  «r«j/ be  more  clearly  demonstrated  when  examined  in 

land  such  iluids  than  when  put  up  artificially,  but  this  is  not  in- 

'  the  f^icU  and  cho^e  who  talk  so  loudly  about  natural  methods 

W  proved  that  the  structures  which  we  see  aiier  death  in  water, 

I  ad  other  simple  fluids  really  exhibit  ihc  identical  appearances 

n  inanifcsted  during  life,  while  it  is  (juiie  certain  that  many  of  the 

iddicjie  tissues  have  never  licen  seen  by  any  one  who  has  limited 

f(o  the  examination  of  tissues  in  ihe  natural  state.  Krroneous  view-s 

ning  the  structure  and  action  of  the  tissues  of  the  body  are  being 

tf  coBttnily  augmented  by  dogmatic  assertions  about  natural  methods  of 

lietigaiion,  whicli  naturally  receive  the  assent  of  the  ignorant  and  all 

'prefcia/r/i?/7" arguments  to  the  slower  but  surer  evidence  arrived 

tia  the  course  of  obserx-ation  antl  experiment.     The  degree  of  opacity 

'•*  absolutely  necessary  for   seeing  some  of  tlic  most  delicate 

.  is  quite  inconsLslcnt  with  their  natural  condition,  and  is  the 

nit  of  a  change  which  has   never  been  fully  appreciated,    ihoueh, 

3|&,  some  idea  of  its  nature  may  tie  formed  by  considering  the 

tharaaers  of  fibrin  in  the  circuUting  blood,  and  fibrin  removed 

fntfailie  organiftra  and  coagulated,  or  tliose  of  albumen  dissolved  in  the 

^^niOi — coagulated  but  transparent  in  many  of  the  tissues,' — coagulated 

I  opaque  after  the  addition  of  differeni  reagents.     Or,  the  coloured 

Iter  constituting  the  red  blood  corpuscles,  say  of  the  Guinea  pig,  and 

^lotisly  lK:autiful  tetrahedral  crystals  into  which  the  corpuscles 

!  within  a  quaiter  of  an  hour  after  their  removal  from  the  blood. 

The  tnicnul  stniciurc  of  many  perfectly  transparent  textures  cannot  be 
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seen  at  all  until  artificial  processes  of  colouring  or  coaptation  hare 
been  ado|)tcd. 

It  is.  indeed,  a  simple  fact  rhat  in  many  textures  nothing  is  to  be 
discovered  if  the  ordinary  niL'lhods  of  examination  are  pursued,  while 
by  special  prw^e&ses  wnndcrful  nerve  plexuses  and  other  things  most 
definite  and  most  importanl  may  be  demonstrated.  Some  objeUon 
will,  no  doubt,  assert  that  the  fibres  and  their  hio])lasts  and  the  mofi 
beautiful  arningemcnt.s  of  (issue  dUnivea-d  have  all  been  created  b)r  the 
processes  adujilcd  for  the  demouslnition.  The  observer  who  studies  fof 
himself  will  soon  see  the  absurdity  of  the  dogmas  such  persons  rfiteraie. 
Tlie  result  of  acting  upon  the  injunctions  tlicy  lay  down  wt«tld  be  com- 
I>lelc  stagnation  of  invc-stigation  and  tlie  indefinite  po9lpoi«:mcnt  of  the 
discover)-  of  new  facts. 

From  what  has  been  just  observed  it  must  be  evident,  that  the  clear 
demonstration  of  the  structure  of  any  individual  organ  of  the  Xiody  isi 
somewhat  diflitnilt  matter,  and  requires  for  its  sutx:ess  considerable 
knowledge  of  the  cliemical  and  physical  characters  of  the  tissues^  i 
well  OS  patient  investigation  and  earnest  study. 

I  shall  now  describe  the  general  method  of  examining  any 
specimen  in  a  Suid,  and  in  succeeding  sections  the  s{*ecial  met 
for  rendering  distinct  the  several  anatomical  elements  of  the 
will  be  alluded  to. 

SIS.   General   Dlrrrtlaaa   for   the    RxanUaBllon  and  Pr«i>ervailnn 

m  JioR  Ti»uc.  '  Suppose  a  portion  of  muscular  fibre  is  to  be  cxami 
utuk-r  the  inirroscopc.  A  small  piece  may  lie  removed  with  a  pairj 
very  fme  scissors,  and  placed  carefully  ujion  the  glass  slide.  With 
sad  of  two  needles  it  may  be  torn  into  very  small  shreds,  and  it  she 
Ihen  be  moistened  with  a  little  water  dropi>cd  upon  it  from  the  fw 
or  from  a  pijietic,  or  from  the  wasli-lwttle ;  or  instead  of  water,  a 
of  serum,  of  syrup,  or  of  gl>'cerine  may  be  added  to  it,  but  in  this  lasc 
case  it  should  be  allowed  to  remain  in  the  synip  or  glycerine  for  some 
time,  80  that  it  may  be  thoroughly  peimeated  by  the  more  dense 
solution.  Next  a  square  or  circular  piece  of  thin  glass  is  taken  up  by 
a  pair  of  fine  forceps,  gently  breathed  upon  and  applied  to  the  surface 
of  the  li()uid,  the  glass  being  brought  into  contact  with  it.  first  on  one 
side,  and  then  allowed  to  fall  down  very  gradually  with  the  aid  of  a 
needle  or  piece  of  fine  wire  placed  uiKlemeith  one  edge,  until  it 
bccamc»  completely  wetted,  pL  XXVI,  p.  loo.  fig.  4.  Lastly,  taif 
supctlluou:;  fluid  is  to  be  absorlied  by  a  cloth,  or  a  small  ])icce  of  fine 
«|Kiiige  or  blotting  pA[K:r,  and  ihe  sbdc  placed  in  the  field  ol  the  micro- 
fcopc  for  cx;»mination.  It  is  important  to  prevent  the  entmnce  of  air 
bubbles,  pi.  .X.MII,  p.  8a,  fig.  10,  during  the  applicarion  of  the  thin 
glass  cover,  ami  if  any  arc  visible  in  the  riisuc  or  surrounding  fluid 
before  it  is  applied,  it  will  be  beuer  to  wait  a  few  minutes  until  thcjr 
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rise  to  the  surface  of  the  liquid  and  burst,  before  the  thin  glass  cover  is 
allowed  to  iall  in  its  place.  While  time  is  allowed  for  this  to  take  place, 
the  specimen  should  be  covered  with  a  small  glass  shade  to  prevent 
dust  tailing  upon  it,  pi.  XX,  p.  54,  iig.  i. 

It  is  advisable  not  to  remove  too  much  of  the  fluid,  for  fear  the 
thin  glass  should  press  so  heavily  upon  the  preparation,  that  the  several 
structures  of  which  it  is  composed  should  be  squeezed  together  and  the 
q)ecinien  thus  reduced  to  a  confused  mass,  in  which  nothing  definite 
could  be  detected.  The  observer  will  find  it  very  useful  to  place  a 
piece  of  hair  or  hog's  bristle,  between  the  thin  glass  and  the  glass  slide, 
by  which  means  too  great  pressure  will  be  effectually  prevented.  The 
mae  effect  is  obtained  by  using  a  glass  cell,  but  it  will  be  found,  I 
think,  that  it  is  more  convenieut  to  pursue  the  plan  just  described  in 
the  case  of  very  delicate  tissues,  than  to  place  them  in  a  glass  or  other 
cell   The  student  may  also  refer  to  §§  136,  137,  138,  and  142. 

ftTienever  a  specimen  is  to  be  preserved  permanently  in  fluid,  it 
should  be  immersed  in  the  solution  in  which  it  is  intended  to  remain, 
for  sereral  hours  or  days  previous  to  being  mounted,  so  that  it  may  be 
thoroughly  saturated  with  the  medium  in  every  part     The  fluid  may  be 
placed  in  a  moderately  deep  cell,  in  a  watch-glass,  or  in  a  cup  of  one  of 
the  palates  used  by  artists,  from  which  it  may  afterwards  be  removed  to 
the  slide.    The  thin  glass  having  been  applied,  and  all  superfluous  fluid 
removed,  a  thin  layer  of  damar,  Bell's  cement,  or  Brunswick  black  is 
to  lie  carefully  painted  round  the  edge  so  as  to  cement  the  thin  glass  to 
the  slide.     When  this  is  dry  other  layers  are  to  be  applied  successively 
until  the  joint  is  considered  quite  tight.     The  cement  adheres  better  to 
the  ^ass  slide  if  it  is  roughened  previously  by  grinding  in  this  part,  or 
by  being  scratched  with  the  writing  diamond  just  where  the  cement  is 
to  be  placed.     All  objects,  except  the  very  thinnest,  if  preserved  per- 
manently in  fluid,  should  be  placed  in  a  cell,  because  there  is  a  much 
better  prospect  of  their  being  kept  for  a  long  time,  than  when  placed 
upon  the  glass  slide   in    the    marmer    employed   for  examining  the 
specimen  temporarily.     The  chance  of  air  getting  into  the  cell  is  much 
diminished  if  the  cement  which  is  used  possesses  slight  clastic  power, 
»  as  to  admit  the  alteration  which  necessarily  takes  place   in   the 
rolutne  of  the  fluid  under  variations  of  temperature.     For  cements,  scf 
page  54. 

Although  every  one  should  examine  and  prepare  tissues  for  himself, 
'Woe  students,  from  want  of  skill  or  inclination,  prefer  to  study 
specimens  already  put  up.  Series  of  specimens  are  prepared  by  Mr. 
'-oleand  others.  The  following  may  be  obtained  of  Messrs.  Parker  of 
Binaingham.  The  first  series  contains  twelve  slides,  arranged  to  lie 
■**»  in  case,  and  costs  a  guinea,  i.  White  fibrous  tissue ;  showing 
"^iclei,  stained     2.  Elastic  tissue;  showing  anastomosing  network  of 
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fibres.      3.    Nucleated   nerve-fibre ;    from    sympalhetic    chain,    tinted 

4.  Muscular  fibre,  striated;  vessels  injected.  5.  Ossifying  cartilage; 
from  vertebra:  of  human  foetus.  6.  H.  section  of  human  skin  ;  showing 
H.  section  of  hairs,  with  their  relation  to  the  fibrous  stroma  and  glands, 
injected.  7.  Human  lung,  showing  epithehal  lining  of  air  cells,  muscle 
and  small  bronchi,  with  columnar,  epithefium,  &c.,  tinted.  8.  Human 
liver ;  showing  vascular  system  of  lobules,  injected.  9.  Human  kidney, 
showing  Malpighian  tufts,  &a,  vessels  injected.  10.  Human  small  in- 
testine ;  V.  section,  showing  vessels  of  muscular  coat,  and  villi,  injected. 
II.  Human  large  intestine;  V.  section,  showing  tubular  glands,  and 
muscular  coat,  with  their  vessels,  injected.  12.  Human  brain,  cere- 
brum, showing  vascular  system,  injected.  The  second  series  contain! 
the  following  slides,  and  the  case  of  twelve  specimens  also  costs  a 
guinea: — i.  Section  of  bone,  humerus  of  infant;  showing  periosteum 
/«  si'iu,  Haversian  canals,  bone  and  marrow  cells.  2.  T.  V.  section  of 
jaw ;  with  tooth  in  situ,  showing  portion  of  gum,  dentine  tubes,  and 
tooth  pulp.  3.  H.  section  of  spinal  cord  ;  showing  white  substance  of 
Schwann ;  central  axis  of  Purkinje ;  nerve  cells,  &c.,  tinted.  4.  V, 
section,  human  tongue ;  showing  papillae,  muscular  fibre,  &c.,  injected 

5.  Human    lung,   showing    vascular    system    of   air    cells,   injected 

6.  Human  stomach,  V.  section ;  showing  vascular  system  of  mucous 
membrane,  &c.,  injected.  7.  Human  stomach,  V.  section,  showing 
tubular  glands,    columnar    epithelium    of    follicles,    peptic   cells,  &c 

8.  Human  spleen,  foetal ;   showing  Malpighian  bodies,  &c.,  injected. 

9.  Thyroid   gland;    showing    vascular    system    of    vesicles,    injected__ 

10.  Salivary  gland;  showing  secreting  cells,  and  vascular  system,  ii^^ 
jected.  1 1 .  Section  of  ovary,  from  gravid  uterus,  with  corpus  luteui^cz: 
injected.  12.  Section  of  uterus;  tinted,  and  vascular  system,  injectec^ 
It  is  proposed  to  issue  other  series  illustrating  the  structure  of  tl — 4 
respiratory  organs,  the  organs  of  the  nervous  system,  alimentary  systei^^ 
secreting  system,  &'e.  Series  of  such  specimens,  healthy  and  morbid,  ""  im 
also  to  be  obtained  of  Mr.  Cole. 

EXAMINATION    OF  THE   SIMPLE   TISSUES. 

I  propose  now  to  refer  very  briefly  to  the  methods  of  demonstratiJE . 
the  structure  of  the  most  important  tissues  of  the  higher  animals,  "'  -^- 
at  the  same  time  I  shall  brieily  allude  to  some  of  the  most  striking  ^ 
their  general  characters. 

313.  Areolmr  Tissue  is  found  beneath   the  skin,  and  mucous  m^^^ 
branes,  or  from  the  external  coat  of  the  arteries  of  any  small  anin^^^ 
From  the  calf  or  lamb  excellent  specimens  of  areolar  tissue  can 
always  obtained.     In  some  situations  it  is  lax  and  very  abundant 
may  be  blown  up  with  air,  and  dried  to  show  the  areolae  or  space^^ss 
which  h  is  disposed,  and  which  communicate  with  one  another 
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the  whole  body.  If  the  vessels  be  injected  with  plain  size,  the  areolae 
become  distended  wiih  it,  and  when  cold,  very  thin  sections  of  areolar 
tissue  may  be  easily  cut,  which  show  the  arrangement  of  the  fibres  in 
the  most  beautiful  manner.  It  consists  of  two  elementary  tissues — the 
vkiie  fibrous  tissue  and  the  yellow  JUfrous  or  elastic  tissue  ;  but  it  is  often 
associated  with  adipose  tissue,  and  in  it  vessels,  nerves,  and  frequently 
lymphatics  ramify. 

The  structure  of  areolar  or  connective  tissue  may  be  well  studied  in 
pieces  removed  from  beneath  the  mucous  membrane  of  the  back  of  the 
tongue  or  throat,  or  in  that  which  connects  the  mucous  membrane  of 
the  stomach  and  intestine  with  the  muscular  coat.  By  staining  care- 
fully, the  so  called  nuclei,  the  bioplasts  which  take  part  in  the  formation 
tsS  the  white  fibrous  tissue,  of  the  yellow  elastic  tissue,  of  capillaries, 
and  nen-e-fibres  may  be  distinguished.  For  this  purpose  it  is,  however, 
better  to  adopt  the  mode  of  preparation  given  in  detail  in  part  VI.  A 
very  simple  form  of  connective  tissue  with  its  bioplasts  is  represented 
in  fig,  2,  pL  XXXII,  p.  138,  and  the  manner  of  its  growth  by  the  con* 
tinuaj  increase  of  the  circles  of  fibres  at  their  circumference,  will  be 
understood  if  the  drawing  be  carefully  examined. 

S14.  wute  Plbroui  Tlssae  can  be  readily  obtained  free  from  the 
yellow  element  in  tendons  and  many  fasciEe.  In  the  former,  its  fibrt  s 
are  slightly  wavy,  but  parallel  to  one  another.  It  can  be  split  up  in- 
definitely, and  does  not  appear  to  be  composed  of  minute  fibres.  This 
fibrous  appearance  is  destroyed  by  the  action  of  acetic  acid  and 
alkalies,  and  is  rendered  less  distinct  if  the  tissue  be  soaked  in 
glycerine.  Upon  the  addition  of  water,  the  tissue  resumes  its  ordinary 
appearance.  White  fibrous  tissue  is  very  opaque,  and  in  order  to 
demonstrate  its  characters  well,  it  is  desirable  to  cut  a  very  thin  section, 
unravel  it  with  needles,  and  subject  it  to  moderate  pressure  under  the 
thin  glass.  In  pi.  XXXII,  fig.  3,  a  portion  of  tendon  is  represented 
without  its  bioplasts,  and  in  fig.  i,  the  mode  of  development  firom  the 
iHoplasts  is  represented. 

SIS-  Tcuaw  Flkreiu  Tissue  may  be  obtained,  perfectly  free  from  the 
white  fibrous  element,  from  the  ligamentum  nucha,  a  firm  yellow  cord  at 
the  back  of  the  neck,  of  any  animal— from  arteries,  or  from  the  elastic 
ligament  to  which  the  retraction  of  the  claw  in  the  cat  and  other  feline 
animals  is  due.  It  consists  of  circular  fibres  disposed  to  curl  up  very 
much,  and  not  easily  broken  or  destroyed  by  the  action  of  reagents. 
Sometimes  these  fibres  split  transversely,  as  in  the  ligamentum  nuchse 
of  the  giraffe,  giving  rise  to  the  appearance  of  transverse  striae.  In 
areolar  tissue  the  fibres  are  very  long  and  branching,  after  the  manner 
of  a  network  j  in  the  ligamentum  nuchae  they  are  parallel  to  one  another, 
pL  XXXII,  fig.  4 ;  in  the  longitudinal  fibrous  coat  of  the  arteries  they 
are  parallel  and  extremely  delicate ;  in  the  ciradar  coat  they  are  costree, 
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and  the  material  is  often  disposed  in  ragged  laminae  rather  than  in  dis- 
tinct fibres. 

The  bioplasm  of  yellow  fibrous  tissue  may  be  always  readily  demon- 
strated in  the  ligamentum  nuchte  of  the  lamb  according  to  the  method  of 
investigation  described  in  part  VI.  These  bioplasts,  which  are  quilBj 
constant,  are  said  by  many  observers  not  to  exist,  and  were  not  figured  iij 
any  drawings,  as  far  as  I  am  aware  of,  when  mine  were  first  published 

310.  AdlpoHe  tIbbdc. — Adipose  tissue  may  be  examined  by  cuttiiift 
off  a  thin  section  of  the  fat  of  any  young  animal,  and  placing  it  with  a 
little  water  between  two  pieces  of  glass,  care  being  taken  not  to  allow 
the  ihin  glass  cover  to  press  upon  it.  The  surface  of  one  of  the  smallest 
collections  of  fat  cells  which  can  be  found,  should  be  subjected  to  exami- 
nation as  an  opaque  object. 

The  mesentery,  or  fold  of  delicate  membrane  which  attaches  tlw 
intestine  to  the  spine,  of  small  animals,  is  the  best  place  for  obtainsof 
good  specimens  of  adipose  tissue,— and  being  protected  by  the  tTai» 
parent  covering,  the  relations  and  form  of  the  fat  vesicles  are  not 
altered.  In  this  situation,  too,  the  bioplasm  of  each  vesicle  may  be 
demonstrated,  and  cells  in  every  stage  of  growth  can  be  easily  found. 
Such  a  preparation,  the  vessels  of  which  have  been  previously  injected 
with  Prussian  blue  fluid,  will  aflbrd  an  opportunity  of  demonstrating^ 
I>eculiarities  of  adipose  tissue.  About  the  intestine  and  near  the  kidney* 
of  the  newt  and  many  other  batrachia,  there  exist  small  collections  of 
adipose  tissue.  The  adipose  tissue  of  frogs,  toads,  and  newts,  especiallj 
in  the  young  state,  is  admirable  for  study.  In  batrachia  generally,  die 
adipose  vesicles  in  the  neighbourhood  of  the  ovaries  are  much  shrunket 
during  the  spring,  when  the  ova  are  increasing  in  size,  and  at  this  tnv- 
the  bioplasm  of  each  vesicle  is  beautifully  distinct.  The  bioplasd  cf 
the  fat  cells  may  also  be  seen  very  distinctly,  especially  in  starved  fit.' 
cells,  after  treatment  with  a  little  acetic  acid,  pi.  XXXIII,  fig.  i.  Oifi- 
nary  adipose  tissue  with  connective  tissue  containing  much  of  the  yellow 
element  is  represented  in  pi.  XXXIII,  fig.  3.  Frequently  the  mote 
solid  portion  of  the  fat  will  crystallise  on  the  surface  of  the  more  oily.ii 
small  acicular  crystals,  which  radiate  from  a  centre  forming  a  star-lit 
mass,  as  seen  in  the  figures  i,  2.  Adipose  tissue  should  be  examine- 
by  low  as  well  as  by  high  powers  (a  two  inch,  or  an  inch,  and  a  quart* 
of  an  inch  object-glass),  and  by  reflected  as  well  as  by  iransmiiU 
light. 

an.  Cartllase. — The  characters  of  cartilage  are  very  easily  demo 
strated.  A  thin  section  may  be  placed  in  water  or  glycerine,  Spe< 
mens  should  be  taken  from  the  larynx,  trachea,  the  ear,  the  ribs,  tl 
articular  cartilage  of  joints,  and  the  fibro-cartilage  between  the  vertebw 
of  any  small  animal,  and  from  other  situations.  The  ear  of  the  mou: 
affords  the  best  example  of  caruVa^e  co'Ci^vsurv^  almost  entirely  of  cell 
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le  thin  layer  in  Ibe  ujiper  portiDa  of  tlit;  aural  cartibge  is  very  favour- 
iblc  for  siudying  the  mitrilion  «hI  mode  of  growth  of  the  cells,  llie 
iCeiccUaUi'  substAnce  or  matrix  being  very  small  in  quantity  in  this 
of  metnbfantronn  cmibge.  The  observer  should  also  stud)-  the 
rtcru  of  the  permanent  cartilage  of  some  of  the  so-called  canila- 
is  fishes,  pjniculariy  the  rummnn  dogfLsh  aud  llic  lami>rey,  whirh 
'maj-  often  be  obtained  in  the  fishmonger'  shojis.  The  tail  and  other 
luirts  of  the  skeleton  of  the  tadpole,  of  the  frog,  toad,  or  ncirt,  arc  also 
^•.11  wonhj*  of  study.  SpecimiMis  of  cartilage  keep  vcr)'  well  in  dilute 
spirit  and  water,  creosote  fluid,  and  many  other  solutiom,  but  on  the 
whole  glycerine  is  to  be  preferred  as  the  medium  for  their  preservntion. 
The  de%-etopQient  of  cartilage,  and  the  changes  by  which  it  is  con- 
\-erted  bto  bone,  may  be  successfully  studied  in  the  fiat  bones  of  the 
■*kull  of  a  small  frog,  toad,  or  newt.  The  Rcncral  changes  occurring  in 
the  growth  of  cartilage  will  be  understood  by  reference  to  pi.  XXXIII, 
!■  ^^  4,  5,  6,  7.  Ssf  also  my  pa|>er  "  On  the  fonuation  of  the  soealled 
mtcicellular  substance  of  cartilage,  and  of  ils  relation  to  the  so-called 
cells ;  whh  observations  upon  the  {ffocess  of  ossification."  ("  Micro- 
sccfirral  journal,"  1863.) 

In  pi.  XXXIII,  6g.  8,  a  drawing  is  given  showing  cartilage  and 
UDdon  continuous  with  it  The  white  (>brou»  tissue  of  the  tendon 
is  seen  to  be  continuous  with  the  so-called  matrix  or  intercellular  sub- 
stance  v(  the  cartilage,  and  exactly  represents  it 

9IM.  Bone. — Sections  of  bones  arc  obtained  in  the  manner  alluded 

t-  Ki  !■  98.    It  is  desirable  to  make  sections  of  the  whole  extent  of  the 

cotnj>3ct  tissue.    The  oliserver  will  notice  in   thin   seciions,  even  of 

young  bones,  sjiaces  of  i-ery  dilTercnt  siztfs,  resultiog  kom  the  division 

of  a  number  of  lubes  (Haversian  canals)  iu  which  run  the  vessels, 

which  ate  distributed  to  the  compact  tissue.    Now  it  ap|}ears  from  the 

beautiful  researches  of  Tomes  aod  De  Morgan,  that  this  solid,  bard, 

compact  tissue  is  perpetually  undergoing  remo%'al  and  repair.    An 

HaTcrstan  canal  increases  in  diameter  by  the  gradual  absorption  of  the 

concentric  lamclle  of  bone  which  surround  it,  and  after  a  time,  a  large 

space  is  formed  (Hai-ersian  space).     When  this  space  has  reached  a 

certain  siiC,  new  bone  is  deposited,  cummencing  at  the  circumference 

and  gradually  \irocceding  towards  the  centre,  until   the  space  has 

reamed  m  small  size  and  is  again  converted  into  a  narrow  canaL    I'bc 

iat^Ucfial  iamt'na  upon  this  view  are  very  readily  accounted  for.     They 

ore,  doubtless,  the  remaiDs  of  old  Haversian  systems  only  partially 

absorbed.    ("  Phil  Trans.,"  1 853.) 

The  growth  of  bone  may  be  investigated  in  young  animals  by 
mixing  roaddcr  with  their  food.  In  a  very  short  time  {even  a  few  days) 
the  madder,  which  has  an  affinity  for  phosphate  of  lime,  is  dqKKircd  in 
thoiic  paru  of  the  bone  nearest  to  the  vascular  furfaca    Young  ^igs  are 
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the  best  animals  for  experiments  of  this  kind.  The  anangement  of 
vessels  may  be  studied  in  the  bones  of  an  animal  which  has  I 
injected  with  Prussian  blue  fluid.  It  is  well  to  add  an  excess  of  hy 
chloric  acid  to  the  solution.  After  the  injection  is  complete,  the  t 
may  be  soaked  in  dilute  hydrochloric  acid  (one  of  acid  to  five  of  wa 
to  dissolve  out  the  earthy  matter,  when  the  soft  tissue  which  rem 
can  be  readily  cut  into  thin  sections  in  various  directions  with  a 
sharp  knife.  It  will  be  found  better  to  soak  the  bone  after  injec 
with  the  Prussian  blue  fluid,  in  equal  parts  of  glycerine  and  watei 
which  hydrochloric  acid  has  been  added. 

Not  unfrequently  the  vessels  of  bone  are  found  distended  with  bl( 
thus  producing  a  natural  injection.  It  is  difficult  to  cut  and  grind 
section  thin  enough  for  examination  without  altering  the  masses  of  d 
blood,  but  with  care  this  may  be  effected.  My  friend  Mr.  White 
given  me  some  beautiful  sections  of  the  antler  of  the  stag,  preparec 
him,  in  which  all  the  Haversian  canals  still  retain  blood. 

Sections  of  bone  may  be  preserved — 4ry,  in  aqueous  fluids,  oi 
Canada  balsam.  The  dark  appearance  of  the  lacunse  in  section! 
dried  bone  is  entirely  due  to  their  containing  air.  Their  appai 
solidity  led  Purkinje,  their  discoverer,  to  call  them  bone  corpuscles.  ' 
true  nature  of  these  bodies  has  been  already  explained  in  page  90, 
every  student  should  treat  a  thin  section  of  dry  bone  while  undf 
quarter  of  an  inch  object  glass  with  turpentine,  and  see  for  himself 
fluid  running  up  the  canaliculi  and  filling  the  lacunae.  Lacunae  i 
their  masses  of  living  matter  or  bioplasm  are  represented  in  fig.  9, 
XXXIII. 

The  changes  taking  place  in  the  development  of  bony  tissue  ( 
mammalian  animal  are  well  seen  in  fig.  10,  pi.  XXXIII.  The  figi 
which  is  a  very  thin  section  through  periosteum,  vessels,  subjat 
soft  tissue,  and  the  compact  texture  of  the  bone  itself,  is  well  worth" 
attentive  study.  On  the  left  hand  is  the  periosteum  with  the  capillar 
then  come  the  bioplasts,  and  to  the  right  is  the  fully  formed  bone  tis! 

Examination  of  the  Higher  Tissues. 

3l».  Examination  of  Mascnlar  Fibre. — For  a  full  description  of 
minute  anatomy  of  muscular  fibre,  I  must  refer  to  the  various  works 
physiology  and  minute  anatomy;  and  especially  to  the  well-knc 
papers  of  Mr.  Bowman  in  the  "Philosophical  Transactions,"  1840- 
and  to  the  articles  "  Muscle,"  and  "  Muscular  Motion,"  in  the  Cyi 
pjedia  of  Anatomy  and  Physiology. 

Two  forms  of  muscular  fibre  have  been  described,  the  striped 
jvliiritary  fibre,  or  muscular  fibre  of  animal  life,  and  the  unstrip 
involuntary,  or  muscular  fibre  of  organic  life,  the  characters  of  wh: 
will  be  presently  referred   to.     Both  forms  possess  contractility,  a 
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ad)  contracts  when  touched,  as  may  he  proved  by  direct  experiment 

under  the  microscope,  or  when  the  nerve  fibres  ramifying  ovit  it  arc 

toicbcd  or  imuied  in  any  other  manner.     Bvlh  are  represented  in  the 

019  animals,  but  in  many  of  the  invertebrates  all  the  muiicular  fibre  is 

Wl«ri[.>(rd.     The  vohjntary  muscle  alone   is  under  the  dtrett  control  of 

the  Will,  while  the  involuntary  fibre  {lerforms  its  functions  aJtuf^ether 

ii)de[)t:ndently  of  voh'tion.     Both  are  very  frccJy  supplied  with  ner%'e 

Ebmirhich  ramify  amongst  the  miiscuUr  fibres  and  form  networks  or 

flousrs  iround  them,  and  their  contraction  is  due  to  ncrv'C  influence. 

Stnped  muscular  fdirc  exists  in  all  the  volunury  muRcles  of  vertc- 
tmu  inimals.  Ileauiiful  examples  of  striped  muscle  may  be  obtained 
frm  almost  any  member  of  the  class  of  insects  or  cxustacea.  If 
IptaiKDS  be  tal^ea  from  the  mcinbcrs  of  the  different  vertebrate 
duKs,  certain  characteristic  peculiarities  will  be  met  with,  and  the 
iBuaiUr  fibre  of  the  crtistacean,  mollusk,  nnd  insect,  differs  from  that  of 
ikhigher  animals  in  many  im[K)rlanl  jiarticuUirs.  In  ortlcr  to  subject 
■  portion  of  muscular  fihie  to  iiutroscopical  examinutiun,  it  is  only 
Nttfuiy  to  remove  a  small  piece  with  a  sharp  knife  or  a  pair  of  scissors. 
■After  tearing  it  up  with  needles,  and  moistening  it  with  a  drop  of  water 
« (mim,  the  thin  glass  cover  may  be  pbccd  on  il,  and  the  specimen 
eatnincd  with  different  powers.  The  transverse  stria:  will  often  be 
iHultred  very  distinct  after  the  fibre  has  been  allowed  to  macerate  for 
Wne  time  in  glycerine. 

The  general  arrangement  and  form  of  the  Mncs  in  voluntary  muscles 
ocKtll  shown  in  a  tiansserse  section  of  the  pectoral  muncle  of  a  teal 
\\ifinqucdiila  crma),  which  has  been  put  upon  the  stretch,  and  allowed 
1"  bcTOiue  perfectly  dr>'.  A  section  cut  as  thin  as  possible,  may  be  rc- 
itKn^kned  with  water,  and  examined  in  the  u&ual  manner.  The  posi- 
i»n  of  the  vessels,  their  relation  to  the  elemeutiry  fibres,  and  the 
r  of  tiie  capillary-  network  are  easily  demgnstrated  in  specimens 
.lAve  been  injected  with  transparent  Pru&sian  blue  or  carmine 
iDjetiion. 

ttn.  iiHrrairmiiia.^The  muscle  of  the  skate,  as  Mr.  Bowman  has 
♦JiOTi,  \s  remarkably  well  adapted  for  showing  the  sarcolemma,  as  the 
itcaus  matter  may  often  be  ruptured.  The  investing  membrane  or  sar- 
alouM  remaining  entire  is  thus  easily  demonstrated.  A  few  of  the  long 
Mtttahr  fibius  from  the  fin  may  be  spread  out  on  a  piece  of  glass  with  the 
'><l  of  aeedles,  and  in  this  operation  the  rupture  of  the  sarcous  matter 
i"  ilic  interior  is  often  effected.  SarcoJemma  is  well  seen  in  pi. 
XXXJV,  fig.  J.  This  membranous  tube  may  be  also  beautifully  shown 
in  the  muscular  fibres  of  a  water-beetle,  particularly  in  those  of  the  large 
dftiicits,  and  also  in  the  muscles  of  the  common  maggot  of  the  blow- 
fly   &valsop.  rS9. 

sxi.  armn^brii  Mnitcatar  Pibres. — Several  modifications  of  striped 
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muscle  have  t)ir{?n  described  of  late  years,  and  JL  is  desirafitc  to  ci 
tiie  best  methods  of  demonstrating  a  fevr  of  the  most  im|>onant  of 
Branched  muscular  fibres  have  been  found  in  the  hca-ri.  hut  the 
of  them  are  not  very  easily  demomtratcd  in  the  heait  of  nun  i 
higher  animals.  Branching  muiicular  fibres  exist  in  great  abund 
the  tongue  of  the  frog  (as  was  first  pointed  out  by  Kbilikcr),  from 
or^an  ihey  may  be  generally  obtained  as  follows: — the  tongue  is 
seporAtcd  from  the  animal,  and  boiled  for  a  few  moments  in  wateC 
mucous  mtmbraiie  is  cautiously  dissected  off  from  a  small  portiot 
a  few  tninute  pieccfl  aie  to  be  carefully  snipped  off  with  scissor% 
the  edge  of  the  tongue,  just  beneath  the  mucous  membrane  Th' 
to  be  lorn  with  very  delicate  needles,  and  then  examined  with  a  (ji 
of  an  inch  object-glass.  ]n  this  manner  very  perfect  fibres  may 
rally  be  found.  Care  must  be  taken  not  to  boil  the  tongue  for  UK 
a  time  in  case  the  fibres  become  too  brittle  to  admit  of  sepal 
These  brancJhed  muscular  fibres  are  beautiful  objects,  [n  good 
mens  they  are  seen  to  ramify  after  the  manner  of  the  branchof 
tree,  gradually  becoming  thinner,  until  each  terminates  in  a  d« 
extremity,  which  is  of  a  tendinous  nature,  and  is  incorporated  wil 
suly-nmcous  tissue  or  cerium.  The  transverse  striie  may  be  obscnl 
the  thinnest  branches,  but  gradually  cease  some  distance  froi 
terminal  extremity  of  the  fibre.  Branched  fibres  also  exist  i 
upper  lip  of  the  rat,  ajid  in  other  situations.  Excessively  di 
branched  muscular  fibres  sxc  to  be  seen  in  the  fungiform  papilUe 
frog's  tongue.  Sff  draw-ings  accompanj'ii^  my  paper  in  the 
Trans."  for  1S64. 

sn.  Prepamilon  af  nnscalar  FlUr*  for  nirroscoiilral  Kxainiw 
—The  transverse  stria;  may  usually  be  demonstrated  upon  a  pi 
fresh  musculai  fibre,  and  are  uftcn  seen  very  dtstindly  in  a  port 
ordinary  volunlarj-  muscle  that  has  been  boile<l.  The  ultimate 
are  well  displayed  in  the  muscles  of  many  of  the  lower  cartiluj 
fishes,  especially  the  lamprey.  The  mode  of  cleavage  can  be  very 
factorily  determined  in  the  muscles  of  lizard;  or  the  camclcon,  an 
"  ultimate  sarcous  particles  "  may  be  separated  from  one  another 
muscular  (Axes  of  tlie  common  cel|  or  those  of  a  young  pig,  be  ou 
torn  up  with  needles. 

I  have  often  obtained  beautlhil  speclmeiu  of  striated  muscula 
from  the  back  of  the  tongue,  a  few  hours  after  a  meal,  of  which 
bos  formed  a  portion.     They  are  abo  to  be  found  in  beef  tea, 
many  of  the  meats  and  soups  which  are  preserved  in  tins. 

Amongst  vomited  matters  or  in  the  contents  of  the  stomach 
nntmal  kilted  two  or  three  hours  after  a  meal,  beautifiil  speciiM 
slrijMjd  muscular  fibi^;  may  often  be  found.     In  the  stomach,  the 
}aictimes  break  tip  into  the  disks  described  by  Bowman,  and 
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otitained  these  disks  by  macerating  the  muscles  of  young  animals  for 
wne  time  in  strong  acetic  acid. 

The  "  fibrillae  "  often  separate  readily  from  each  other  in  a  portion  of 

muscle  which  has  been  macerated  in  a  solution  of  chromic  acid.    These 

"fibritlae"  present  different  appearances  according  to  the  degree  of  con- 

tiaction  of  the  fibre  at  the  time  of  death  and  other  circumstances. 

Some  of  them  are  represented  in  pi.  XXXIV,  p.  146,  fig.  4,  after  some 

dnvii^  by  the  late  Dr.  Maityn  of  Clifton. 

The  thin,  narrow,  muscular  bands,  immediately  under  the  skin  of 
frogs  and  other  small  animals,  will  be  found  to  exhibit  well  the  general 
jiBtoniy  of  voluntary  muscle,  and  beautiful  preparations  exhibiting  the 
fibiilli,  have  been  obtained  by  Mr.  Lealand  fi^m  the  pig.  Transverse, 
iB^ludinal,  or  oblique  sections  of  muscle  may  be  made  in  the  case  of 
musdes  which  have  been  boiled,  or  hardened  in  spirit,  bichloride  of 
macaiy,  or  chromic  acid.  The  reagents  of  the  greatest  use  in  investi- 
ptog  the  structure  of  muscular  fibre,  are  a  dilute  solution  of  caustic 
soda,  and  acetic  acid,  which  are  employed  more  particularly  in  investi- 
pting  the  arrangement  of  the  bioplasts  in  fi-esh  muscle.  Preparations 
of  muscular  fibre  maybe  preserved  moist  in  glycerine,  glycerine  jelly, 
chromic  acid,  or  solution  of  creosote,  pp.  66,  67,  or  they  may  be  dried 
and  mounted  in  Canada  balsam. 

The  capillaries  and  the  delicate  nerve  fibres  distributed  to  volun- 
tarymuscle  are  well  represented  in  pi.  XXXIV,  p.  146,  fig.  i,  and  in  fig.  2 
Ibc  i^ecise  relation  of  the  capillaries  and  nerve  fibres  to  the  contractile 
tijioeofan  elementary  fibre  is  shown.  In  these  drawings  the  bioplasm 
of  the  several  tissues  is  also  represented. 

The  movements  of  muscle  during  contraction  cannot  be  studied  in  the 

higlier  animals  and  man  but  may  be  observed  in  many  of  the  lower  animals. 

Set  §  256.    The  mode  of  demonstrating  the  distribution  of  the  finest 

nmificatioiis  of  the  nerves  to  muscle  will  be  found  described  in  part  VL 

ns.  BxamlnatlsB  of  tbe   iHuBcnlar   Stractnre  of   tke   Heart  and 

•"lie.— The  muscular  fibres  of  the  heart  will  be  found  to  exhibit  the 

fnmsvcne  strise  characteristic  of  voluntary  muscle  ;  but  they  are  arranged 

in  long  bands,  and  upon  carefully  examining  a  well-prepared  specimen, 

taken  either  from  the  heart  of  man  or  of  most  animals,  frequent  and 

distinct  anastomoses  and  branchings  of  the  fibres  may  be  observed. 

There  is  no  sarcolemma,  for  some  of  the  muscular  fibres  of  the  heart 

are  growing  in   circumference,  while  neighbouring  ones  which  have 

reached  their  full  size  are  being  removed  to  make  place  for  new  ones 

which  are  constantly  being  developed  and  growing.     In  many  cases  a 

little  connective  tissue  which  corresponds  to  the  sarcolemma  may  often 

be  detected.     Indeed  it  is  probable  that  the  so-called  sarcolemma  con- 

9sts  of  the  vessels  and  nerves  and  other  structures  with  a  very  small 

amonnt  of  connecting  substance  between  them. 
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In  order  to  exhibit  ihe  muscular  fibres  ofihe  heart,  thai  of  a 
animal  may  be  taken,  and  after  it  has  been  boiled  for  a  short  time  i 
waler,  sxaaM  pieces  may  be  cut  ofT,  and  carefully  torn  up  with  needier 
The  ltii|^tli  of  time  which  the  boiling  should  be  continued  varies  t| 
difTcrcnt  cases.  Half  a  minute  is  sufEcient  for  the  hearts  of  very  snit 
aninoaJs;  sheep's  hearts  nay  be  boiled  for  a  quarter  of  an  hotir.  Bn 
the  most  perfect  sperimcns  of  the  muscular  fibres  of  the  heart  maybe 
obtained  from  the  thin  auricle  of  the  heart  of  the  frog,  or  better,  ihato( 
the  hyla,  or  little  green  tree  frog.  The  auricle  is  sufficiently  ihin  faj 
obscr^-ation,  but  the  fibres  arc  most  distinctly  seen  after  it  has  beCi 
soaked  fur  two  or  tlu'ec  day:;  in  glycerine.  Sectious  of  the  muscuhij 
substance  of  the  tongue  of  man  and  the  brger  aninials  are  readily  nmk 
by  drying  tlic  organ  when  perfectly  fresii,  anj  removing  a  very  thin  KC-j 
lion  with  a  sliarp  knife.  The  specimen  is  then  moistened  willi  wslo. 
It  may  be  treated  with  dift'crent  reagents,  and  aDervards  preserved  m 
glycerine,  glycerine  jelly,  or  other  preservative  fluid. 

SS4.  Examination  of  vnttirliird  nuMie.^ Involuntary,  smooth,  or 
non-striated  muscular  fibre  may  be  obtained  from  various  situattonSi 
both  in  man  and  also  in  the  lower  animals.  These  iibres  are  idosI 
abundant  in  the  alimentary  canal,  the  uterus,  the  bladder,  the  ducti 
of  glands  generally,  and  large  vessels,  but  they  arc  also  found  dis- 
persed amongst  fibrous  tissue  in  certain  situations,  particularly  in  lie 
skin.  There  arc  also  bundles  of  pale  muscle  connected  with  the  toot 
bulbs,  which  may  be  demonstrated  in  some  cases.  The  elongated  cdK 
of  which  this  form  of  muscle  is  composed,  are  also  to  be  demonstraird| 
in  the  small  arteries,  pi.  XXXV,  fig.  3,  and  veins,  as  welt  as  in  iM 
trabecular  tissue  of  the  spleen.  Involuntary  muscle,  which  has  hilheno 
been  described  as  consisting  of  flattened  bands,  has  been  dcmonsirale*! 
by  Professor  KoUikct  to  consist  of  llic  elongated  cells  just  refertrd  to* 
The  contractile  fibre  cells  usually  appe.ir  as  flattened  bands,  or  fusiEoci"! 
fibres,  slightly  wav7,  and  terminating  at  each  end  in  a  point.  Thet^J 
bodies  may  be  readily  isolated  by  macerating  small  pieces  of  the  mOSj 
cular  coat  of  the  alimentary  canal,  5:c.,  in  dilute  nitric  acid,  containing 
about  twenty  per  cent  of  strong  acid.  By  a  little  teasing,  with  the  aid  d| 
fine  needles,  separate  cells  may  be  readily  obtained.  Fig.  5.  pi.  XXXIVi 
jx  146,  represents  some  of  Uie  contractile  fibre  cells  from  the  stoal) 
intestine.  These  cells  may  also  be  demonstrated  in  most  of  the  knrat 
animals ;  but  it  is  worthy  of  remark  that  a  portion  only  of  tJie  aliraeni 
canal  of  some  fish  is  surrounded  by  involuntary  muscle,  while  it 
been  shown  that  the  whole  of  the  muscular  fibre  of  the  intestine  of 
common  tench  is  of  the  striped  variety  (Weber).  In  the  bladder  of 
frog  we  have  as  it  were  a  natural  section  in  which  all  the  tissues  of  dxi 
organ  may  be  seen  and  their  exaa  relation  to  one  another  clearly  dcnuni| 
iUated.   The  method  of  j^^icparing  the  8i>ectmen  is  described  in 
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tU,  BxKinlnatton  of  Arlcric*  and  Velnn. — The  structure  of  ailcrics 
jndwuis  may  Ix;  ircll  studied  m  any  of  tlie  smnllcr  venebrate  animals, 
((pcdalty  in  the  dog.  In  niomnialia  beautiful  spccinictis  tnajr  be 
obuined  irom  the  mou&e.  The  vessels  in  the  mesentery,  the  pleura,  and 
pericardium  may  be  subjected  to  examination  without  difficulty,  but  iJie 
jQuEa  uteries  and  veins  of  llie  f-ia  mater,  ur  vascuLu  membrane  of  the 
bmin.  and  those  of  the  folds  (choroid  plexuses)  of  the  same  membrane 
'uUiecitittcs  (ventricles)  of  the  brain  are  more  free  from  coanective 
Us&ueiQd  can  be  easily  isolated,  pi.  XXXV,  fig.  4. 

lite  yellow  clastic  tissue  of  the  arterial  coats  of  the  larger  arteries 
fBaf  be  demonstrated  in  any  artciy  of  a  quarter  of  an  inch  or  more  in 
jameKr.  The  fibres  vnry  very  much  in  character,  sometimes  appear- 
ing mher  as  an  expanded  elastic  membrane  perforated  here  and  there, 
thm  as  separate  fibres.  In  the  smallest  arteries  and  veins,  there  is  very 
jit^  cbKic  tissue,  but  this  is  represenletl  as  niusculor  fibre.  On  the 
otbci  band  m  the  largest  vessels,  the  muscular  fibres  apiiear  to  have 
tlm<sc  girea  place  to  ycUow  clastic  tissue. 

I  hire  obtained  bcauiu'ul  specimens  of  the  muscular  fibre  cells 
jfaogcd  circularly  round  the  arteries  by  injecting  the  vesscb  with  plain 
uje,iiid  gradually  increasing  the  force  so  as  to  distend  them  as  much 
u  pcssibte  without  rupture.  In  this  raaimcr  the  cells  are  as  it  were, 
gwlinlljr  nnravclled.  When  cold,  thin  sections  may  be  very  easily 
nude  in  various  directions,  and  even  isolated  fibre  cells  can  be  obtained. 
The  UTaagemem  of  the  muscular  fibre  cells  in  the  smaller  vessels  is 
vtU  Men  in  the  small  arteries  from  the  fro^  and  newt    Set  pt  XXXV, 

hi- 

IV  arrangement  of  the  numerous  nerve  fibres  distributed  lo  the 
raH  aiteries  and  veins  may  be  demonstrated  in  the  frog  with  the 
'ffiUtn  distinctness,  and  in  connection  with  ihc  small  vessels  which 
i^fly  the  viscera  numerous  ganglia  will  be  found  from  which  bundles 
cfBovetibres  may  be  traced  in  dilYcrcnt  directions.  These  often  form 
ffcuMJ  around  the  \"C5sels  and  give  off  finer  bundles,  and  fibres  may 
be  followed  even  to  the  capillary  vessels. 

ttC  ExaailiiKllaii  of  Itae  t'atiUtBricit. — Capillar)'  vessels  arc  most  im- 
iwont  structures  in  all  vertebrate  auimals.  and  as  it  is  tlirougli  the 
nniiDnof  these  delicate  thin  walled  tubes  that  every  tissue  and  organ 
of  iskftuid  vertebrate  animals  is  nouiishL-d  and  relieved  of  the  products 
of  itt  adion  and  decay,  their  arrangement  and  structure  are  worthy  of 
■he  mwi  sltentivc  study.  The  mode  of  displaying  their  gcm■^.^l  arrange- 
ineiiibl  injection  of  the  tissues  and  organs  of  the  lower  animals  has 
beoiilready  described,  pp.  10*^108.  The  masses  of  bioplasm  in  con- 
WCliiaimh  their  walls  vary  in  numlicr  grratly  in  different  ]»arls.  In 
won  lentures  the  capillar)-  appears  to  be  alniost  cniirely  surrounded 
mth  tbeoi,  \iL   XXXV,   figs.    1,   2,  also   pL   XXX,  p.    no,  fif^  3^ 

t,  a 
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while  in  others  a  considerable  interval  of  capillary  wall 
which  is  perfectly  free  from  them.  These  bodies  are  constan 
of  the  greatest  importance.  They  vary  much  in  size,  being 
where  pabulum  is  abundant,  and  shrinking  when  but  a  small  qi 
of  nutrient  matter  reaches  them.  They  are  connected  not  onl 
the  changes  going  on  in  the  tissue  around  the  capillary  but  an 
probability  intimately  concerned  in  the  selection  and  separat 
various  constituents  from  the  blood.  They  are  often  seen  to  | 
into  the  interior  of  the  capillary,  and  it  seems  not  improbable  thai 
of  the  bioplasm  of  the  blood  (minute  spherical  particles,  some  of 
probably  become  white  blood  corpuscles)  may  from  time  to  ti 
detached  from  them.  Capillary  vessels  are  supplied  with  nerve 
These  may  be  demonstrated  with  great  distinctness  around  the 
laries  of  the  skin,  tongue,  and  mucous  membrane  of  the  fauces 
frog  or  newt,  pi.  XXXV,  figs.  5,  6. 

nV.  BxuninMtloii  of  Nerve. — ^The  generaj  anatomy  of  the  tr 
a  nerve  is  demonstrated  without  difficulty.  It  is  better  to  take  ; 
a  fibre  as  possible,  and  tear  it  up  with  very  fine  needles  upon 
slide.  After  the  addition  of  a  drop  of  serum,  it  may  be  covere 
thin  glass.  The  small  nerve  trunks  of  any  small  animal  may  be 
The  nerves  of  the  frog  are  very  large,  and  exhibit  all  the  essential 
tures  of  nerve  fibres,  pi.  XXXVI,  fig.  i,  A  very  fine  nerve  trunk 
be  examined  in  water,  and  then  transferred  to  glycerine,  an( 
remaining  in  it  for  twenty-four  hours  or  more,  re-examined.  Al* 
glycerine  will  be  found  an  excellent  medium  for  examining  nerve 
in,  other  media  should  also  be  employed,  for  microscopical  obse: 
should  never  be  limited  to  specimens  prepared  according  to  one  r 
of  investigation  only. 

a.  Dark-bordered  nerve  fibres. — If  an  jDidinary  spinal  nerve  be 
in  a  little  water,  a  curious  change  takes  place.  The  constitui 
which  the  medullary  sheath  is  composed  exhibit  two  distinc 
(white  substance  of  Schwann),  a  change  which  probably  depend 
the  fatty  matter  being  partly  separated  from  the  albuminous  flui 
which  it  was  incorporated,  pi.  XXXVI,  p.  150,  fig,  3.  Althou 
appearance  in  question  is  undoubtedly  produced  by  soaking  in 
the  existence  of  a  special  highly  refracting  material  within  the  t 
membrane  and  around  the  axis  cylinder,  cannot  be  question* 
nerves  be  examined  in  S)TUp  or  glycerine,  the  double  contour 
not  seen. 

The  so-called  tubular  membrane  can  hardly  be  regarded  as  a 
investment.     It  consists  merely  of  delicate  connective  tissue  in 
sometimes  one,  sometimes  several,  nerve  fibres  are  embedded,  as 
in  fig.  I.     The  so-called  outline  of  this  apparent  tubular  memb 
often  due  to  the  presence  oiafine  nen^ejibre.     This  is  easily  pro 
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those  cases  in  which  the  outJine  is  seeo  on  one  side  only,  pi.  XXXVI, 

fig.  6,    The  very  disiinct  6nc  nerve  fibre,  rei>rusenU:d  in  many  of  my 

drawings,  mighl  liave  been  mistaken  for  ihe  outline  of  llie  tubular  mcm- 

\jra.ne  if  the  specimen  bad  been  examined  before  il  had  been  pro|>erly 

teparcd  and  carefully  mounted  in  glycerine,  fig.  2. 

Tiie  in*Tstigaiion  of  the  manner  in  which  nerves  terminate  is  one  of 
Oae  most  difilcult  inquiries  that  the  observer  can  undertake.  In  many 
i&urtufes  a  nerve  network  of  daik-bordered  ncn-e  fibres  may  be  dcmon- 
Kiiled  without  difficulty,  but  this  is  noc  the  terminal  network.  The 
finest  oerve  fibrils  have  often  been  tr3f;vd  for  some  short  distance  and 
^tosL  Some  observers  have  on  this  account  been  led  to  conclude 
that  the  finest  branches  of  the  nerve  fibres  became  as  il  were  con- 
touiMii  in  other  tissues,  or  ended  in  the  connective  tiisuc  of  the  part ! 
I  hxK  shown  that  in  all  cases  nerves  lose  their  dark- bordered  character, 
ud  oist  as  pale  fibres  which  may  he  traced  for  a  long  distance  beyond 
lie  point  where  the  dark-bordered  character  cca.'^ts.  These  very  fine 
P>k  fibrus  at  last  form  with  similar  prolongations  from  other  dark- 
Ixinltred  fibres  a  very  intimate  interlacement,  plexus,  or  network  of  very 
fincjaie  fibres  only,  many  of  whidi  are  less  than  xWeoc  "f  ""  ''"^h  '" 
diodcr.  This  network  is  arranged  in  all  cases  upon  the  same  ty^ie, 
Ud  vines  in  complexity,  extent,  and  relations  in  the  various  terminal 
■"ntorgaiw.  In  investigating  the  mode  of  termination  of  nerve  fibres, 
^  pBpilhe  of  the  tongue  of  many  of  the  lower  animals,  and  esijecially 
**  (tiysimple  filiform  papilla:  of  the  frog  may  be  selected. 

lie  general  distribution  of  the  larger  branches  of  the  sensitive  nerve 
fiinw  ttenuath  the  skin,  may  be  well  seen  in  Uic  ear  of  tlie  mouse,  after 
"tvojf  tliin  cuticular  covering  and  subjacent  lexliire  have  been  care- 
■*y  dissected  off.  In  the  dura  mater  and  other  fibrous  membranes,  I 
■"«  icen  many  individual  nerve  fibres  arranged  so  as  to  form  with 
"^nsa  coarse  network,  a  single  fibre  from  which  may  oficn  be  traced 
""  »  Very  long  distance. 

1W  dark-bordered  fibres  oAen  divide  at  the  point  where  a  bundle 
"fcigcs  from  the  trunk — one  of  the  subdivisions  passing  on  in  the 
'^.  while  another  pursues  a  different  and  sometimes  opposite  direc* 
^  B)  the  bundle  which  leaves  the  trunk,  and  eacli  of  thc^e  again 
*»i(iej  and  subdivides  further  on.  The  fibres  in  these  localities 
"ffwuly  leave  their  companions  and  puss  a  short  distance  with  others, 
**tHll  a  network  is  in  this  manner  formed  upon  the  surface  for  instance 
•^  lie  dura  mater  and  other  membranes,  and  immediately  beneath  the 
'**■  The  mesentery  of  the  mouse  b  a  very  good  membranous  texture 
*  "liich  to  study  the  distribution  of  very  fine  ner^'cs  in  a  mammalian 
•"•■ittL  Bcaottful  preparations  .showing  the  distribution  of  sensitive 
""^  mty  be  obtained  from  the  snout  of  the  pig,  mole,  and  other 
''■■uiIk    At  the  free  edge  of  the  third  eyelid  of  the  fmg  is  a  most 


150 


HOW  TO  WORK  WITH  THE  MICROSCOPE. 


extCDStve  plexus  of  fine  dark-bordirred  nerve  fibres,  which  are  arranged 
so  as  to  furm  tlie  mosl  beuutiftil  nt-twotk. 

But  of  all  ihc  situatiom  for  studying  the  tenninal  ramifications  of 
sensitive  nerve  fibres,  the  thin  membranous  portion  of  the  wing  of  the 
bat  is  the  best.  The  cuticle  may  be  easily  stripped  off  after  a  i>ortion  of 
the  win^j  h^  been  soaked  for  a  considerable  time  in  glycerine.  It  is 
better  to  inject  ihc  vessels  of  the  animal  first  wth  carmine  and  then  with 
Pnissinn  blue  fluid  before  preparations  are  mode.  Further  details  will 
be  foitn{l  in  part  VI. 

The  fmesi  terminal  plexuses  of  nerve  fibres  may  also  be  studied  in 
the  proper  tissue  of  the  cornea,  in  the  fibrous  tissue  in  the  abdominal 
cavity  of  the  froii,  around  arteries  and  veins,  in  the  tongue,  c«pci.i*lly 
the  papillae  of  the  hyla  or  green  tree  frog,  in  the  mucous  membrane  of 
the  pharynx,  and  in  the  lung  and  bladder  of  the  same  animal  The 
relation  of  the  nerves  to  the  corneal  corpuscles,  and  their  prolongations 
should  be  carefully  noted,  pi.  XXXVI,  fig.  4.  This  investigation,  how- 
ever, presents  difficulties,  and  the  student  should  not  attempt  it  until  he 
has  succeeded  in  making  good  specimens  of  other  textures.  He  will 
find  the  process,  given  in  part  VI,  of  great  value  in  such  inquiries. 

b.  Pah,  Grey,  Sympathdic  or  Organic  Nerve  Fibres. — Some  autho- 
rities, until  very  recently,  insisted  upon  the  assertion  that  every  true  ntrve 
is  characterised  by  being  dark-berdertd^ — exhibiting  the  double  contour 
lines  caused  by  the  investment  of  the  medullary  sheath,  the  so^allcd 
white  substance  of  Schwann.  Remak,  however,  correctly  described, 
nearly  forty  years  ago,  the  pale  grey  or  gelatinous  nerve  fibres  of  the 
organic  or  sympathetic  system,  but  his  views  were  strongly  opposed  by 
the  majority  of  anatomical  authorities,  and  his  nerve  fibres  were  pro- 
nounced to  be  mere  connective  tissue.  They  were  afterwards  ironically 
called  Remai^i  Jihm.  In  Germany,  some  }*cars  ago,  many  anatomists 
tried  to  reduce  everything  to  what  they  called  connective  tissue,  which 
to  any  ordinary  observer  seemed  to  be  the  least  important  tissue  in  the 
organism.  Even  now  it  is  a  matter  of  the  utmost  difficulty  to  get  a  lair 
hearing  if  you  attempt  to  extract  real  and  definite  anatomical  elements 
from  this  favoured  indefinite  connective  tissue.  However,  it  ha!>  been 
clearly  proved  that  Rcmak's  fibres  arc  true  ner\*e  fibres,  and  that  all 
nerve  fibres  before  they  reach  their  ultimate  distribunon,  in\'ariab1y 
assume  the  pale  granular  appearance  of  Rcmak's  fibres.  So  far  from 
the  dark-bordered  duracter  I)cing  csscnttat  to  nervous  siiucture,  the 
active  peripheral  portion,  tlie  really  important  pari  of  every  nerve  fibre, 
tuttr  txhibils  it.  The  white  substance  is  a  passive  fatty  albuminous 
matter  which  surrounds  the  conduLting  core  of  the  nerve  fibre  and 
insulates  it  from  neighbouring  fibres  and  from  the  tissues  amongst  which 
it  runs.  It  is  peculiar  to  tlie  trunks  of  nerves  which  connect  the  great 
central  organs  with  the  distant  peripheral  ramifications. 
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liili)  many  5)'Tnpathctic  ganglionic  nerve  centres,  however,  pale 
fibns  ire  to  be  traced ;  and  not  a  fibre  can  be  found  with  a  niednllary 
iheath  in  any  pan  of  the  course  of  some  of  the  nerve  trunks.  These 
■pDpstbctic  nerves  in  fact  form  an  extended  iielwork  ur  plexus  whtcli 
OKRsponds  to  the  peripheral  network  of  the  ccTcbro-spinal  nerves. 
Thedisiancc  between  their  central  origin  and  their  peripheral  distribu- 
Ii"»ii»  short  that  tlicre  is  not  that  need  of  insulation  that  obtains  in 
the  CMC  of  the  fibres  coming  from  the  brain  and  spinal  cord.  Sympa- 
Ikitic  novc  fibres  and  their  ganglia  arc  represented  in  pi.  XXXVII, 
%J.  1 10  4,  and  the  mode  of  connection  of  the  fibre  with  the  ganglion  cell 
ii  Kta  in  fig.  3,  in  a  sympathetic  ganglion  cell  of  the  ox,  and  in  that  of  the 
6o^iQ[)i.XL,  fig.  4,p.  1 52.  Many  obser\-ers,  however,  still  maintain  dial 
Ac  appearance,  represented  in  my  drawing,  is  due  to  the  ganglion  ceUs 
bang  enclosed  in  a  capsule  of  connecdve  tissue,  and  assert  that  some 
«Iis  e«it  from  which  no  fibres  whatever  proceed.  These  strange 
notions  arc  still  taught  in  many  of  our  most  celebrated  text  books,  and 
ire  erroneously  forced  upon  the  mind  by  the  repetition  of  incorrect 
itions. 
It  has  been  slated  that  no  method  of  {>reseT\-ing  nerve  tissue  has 
I  devised  which  makes  it  worth  while  to  mount  preijaratiuns  for  the 
:Df  displaying  tts  minute  characters,  and  this  statement,  strange  to 
t,  has  been  repeated  in  books  devoted  expressly  to  mounting  objects, 
occd  scarcely  be  said  here  that  the  most  delicate  of  the  ner\-e 
totaxcs  can  be  mounted  permanently.  Not  only  so,  but  new  facts  in  con- 
MciKiB  with  the  ultimate  arrangement  of  nerves  can  be  demonstrated  in 
^mcns  which  hive  been  kept  for  some  time,  and  fine  fibres  become 
<Wlinci  and  well  defined  which  were  quite  invisible  when  mounted. 
"^rc  are  in  truth  very  few  objects  which  cannot  be  preserved  penna- 
"Ktijr,  so  as  to  show  far  more  than  can  be  demonstrated  in  them  as 
"i^'i  specimens.  The  use  of  chromic  and  acetic  acids,  and  percliluride 
•'gold  in  tlic  investigation  of  nerve  structures  has  been  referred  to  in 
^  ^i<i.  Many  nerve  tissues  may  be  hardened  in  MiiUcr's  fluid  consist- 
H  "^  Milphate  of  soda  i  part,  bichromate  of  potash  2  parts,  and  water 
<w  parts,  or  in  the  fluid  which  I  luve  used  for  more  than  twenty  years, 
^^oiisting  of  chromic  acid  and  bichromate  of  potash,  one  jKirt  of  each 
crfesto  too  parts  of  glycerine.  Asralso  the  directions  given  in  part  VI. 
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Examination  of  the  Organs  and  Complex  Tissues  of  Man  ani> 
the  higher  animals. 

We  now  come  to  the  consideration  of  organs  which  are  made  up  of 
several  different  elementary  tissues.  The  fact  of  the  existence  of  these 
different  textures  almost  su^ests  the  conclusion  that  the  same  method 
of  preparation  would  not  be  Ukely  to  be  equally  successful  in  the  demon- 
stration of  the  individual  characteristics  of  them  all. 

The  medium  in  which  these  different  tissues  are  most  satisfactorily 
examined,  depends  upon  certain  physical  characters,  their  chemical 
composition,  transparency  and  refractive  power,  and  it  is  not  always 
possible  to  demonstrate  all  the  anatomical  elements  of  which  an  organ 
is  composed  in  one  single  specimen.  The  idea  of  an  organ  as-  it  exists 
during  life,  is  often  formed  by  building  up,  as  it  were,  in  the  mind  the 
various  structures,  the  arrangement  of  which  has  been  demonstrated  by 
several  distinct  methods  of  investigation. 

SI8.  ExminliiatloD  or  Seroni  and  Synovial  Memhrane. — Serous  mem- 
brane is  perhaps  the  simplest  of  the  compound  structures.  This  con- 
sists of  epithelium,  delicate  subjacent  tissue  on  which  this  lies,  with 
connective  tissue  beneath  in  which  the  vessels  and  nerve  fibres  ramify. 
Serous  membranes  may  be  examined  according  to  the  general  plan.  It 
will  sometimes  be  found  difficult  to  demonstrate  the  delicate  cells  upon 
their  surface.  These  can  be  seen  in  fresh  specimens  and  in  those 
stained  with  nitrate  of  silver.  The  epithelium  of  serous  membranes  is- 
often  of  the  pavement  or  tessellated  variety,  and  appears  to  form  one 
single  layer.  In  many  cases  peculiar  circular,  oval,  and  sometimes 
angular  spaces  may  be  seen  between  the  epithelial  cells,  in  size  about 
that  of  or  more  commonly  less  than  the  bioplasts  of  the  cells.  These 
have  been  regarded  as  openings  or  stomata,  and  it  is  considered  by 
some  that  they  communicate  with  the  lymphatics,  and  that  thus  there  is^ 
free  communication  between  serous  cavities  and  the  interior  of  the 
lymphatic  vessels.  It  is  however  very  improbable  that  this  hypothesis 
will  turn  out  to  be  correct.  Similar  appearances  exist  in  some  forms  of 
cuticle  and  mucous  membrane  in  which  cases  the  openings  communi- 
cate with  mucous  or  other  glands,  and  are  in  fact  the  apertures  through 
which  the  secretion  escapes. 

In  order  to  examine  the  distribution  of  the  vessels  in  synovial  mem- 
branes, an  injected  specimen  is  necessary.  The  fringe-like  processes 
which  project  into  many  of  the  joints  are  highly  vascular,  and  a  well- 
injected  specimen  forms  a  beautiful  object  The  vessels  which  run 
between  synovial  membrane  and  cartilage  are  very  tortuous,  and  exhibit 
considerable  dilatations  and  varicosities.      The  general  characters  of 
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the  most  important  serous  and  synovial  membranes  are  fully  described 
in  Dr.  Brinton's  article  "  Serous  and  Synovial  Membranes,"  in  the 
"  Cyclopaedia  of  Anatomy  and  Phj^iology." 

SI0.  Exmrnlnatlon  of  Mnceus  Membrane. — Mucous  membrane  con- 
sists of  one  or  more  layers  of  epithelium,  which  rest  upon  a  transparent 
and  delicately  librous  texture.  This  surface  tissue  gradually  passes  into 
areolar  tissue  {iub-muceus  areolar  tissue,  sub-basement  tissue  or  corium). 
Into  the  latter  structure  muscular  fibres,  or  their  tendons,  when  these 
exist,  are  inserted.  In  it  also  ramify  the  vessels  and  nerves.  The  thick- 
ness of  the  mucous  membrane  and  other  characters  of  the  several  struc- 
tures of  which  it  is  composed  vary  much  in  different  localities. 

The  mucous  membrane  of  the  mouth,  especially  at  the  back  part  of 
the  tongue  of  any  small  animal  {kitten,  puppy,  mouse),  should  be  sub- 
jected to  examination,  and  the  different  structures  enumerated  in  the 
text  demonstrated  by  the  student.  It  is  desirable  to  inject  the  vessels 
with  a  transparent  injection,  and  cut  thin  sections  through  the  mucous 
membrane  and  subjacent  structures  with  a  sharp  knife.  The  "  basement 
membrane  "  is  very  easily  demonstrated  in  one  of  the  tubes  of  the  kidney. 
On  the  anatomy  of  mucous  membrane,  the  reader  is  strongly  recom- 
mended to  consult  Mr.  Bowman's  article  "  Mucous  Membrane,"  in  the 
"Cyclopaedia  of  Anatomy  and  Physiolog)'." 

S30.  EplUiellum. — Sub-mucoiu  Areolar  Tisane. — The  epithelium  of 
mucous  membranes   is  very  easily  demonstrated,  and  its  character  is 
found  to  vary  much  according  to  the  locality  from  which  it  is  taken.     In 
Mder  to  obtain  a  specimen  of  epithelium  from  a  mucous  membrane,  the 
student  may  gently  scrape  the  surface  of  his  own  tongue  or  the  inside  of 
his  cheek  with  a  knife,  and  place  what  has  been  removed  upon  a  glass 
stide.     After  moistening  it  with  a  httle  water,  syrup,  or  a  mixture  of 
glycerine  (i  part)  and  water  {4  parts)  which  does  not  cause  the  cells  to 
become  turgid  from  osmosis,  and  so  too  transparent,  the  specimen  may 
be    placed   in  the   microscope.     This  epithelium   approximates  in  its 
characters  to  that  of  which  the  epidermis  or  cuticle  is  composed.     The 
cells  thus  obtained  vary  in  a%s  ;  many  are  mature  and  some  are  very  old, 
and  partially  destroyed  by  fungi  and  about  to  be  cast  off,  pi.  XXXVIII, 
p.  154,  fig.  I.     But  now  and  then  young  cells  from  the  deeper  layers  of  the 
epithelium  will  be  found,  and  the  student  should  observe  with  respect  to 
these  that  the  living  matter,  bioplasm,  or  nucleus,  is  much  larger,  rela- 
tively and  actually,  than  it  is  in  the  mature  cells.     The  older  epithelial 
cells  in  the  mouth  are  invariably  invaded  by  minute  fungi,  which  grow 
and  multiply  therein  in  great  numbers.     Amongst  the  epithelial  cells  on 
the  surface  of  the  tongue,  even  of  the  healthiest  persons,  the  obser\'er 
*!"  &id  millions  of  low  vegetable  organisms  belonging  to  the  algse  and 
^"igi-     The  thin  glass  cover  should  not  be  allowed  to  press  too  heavily 
^poa  such  a  specimen.    The  pressure  may  be  prevented  by  inserting  one 
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or  two  pieces  of  hair  or  thin  hog's  bristles.  The  epithelium  upon  the 
surface  of  the  tongue  of  the  frog,  toad,  newt,  and  that  lining  the  mouth 
of  the  serpent  and  some  other  reptiles  is  ciliated.  See  figures  in  pi.  LI, 
also  p.  158. 

In  many  of  the  glands  which  may  be  regarded  as  cawties  opening 
upon  the  surface  of  the  mucous  membrane  and  continuous  with  it,  the 
epithelial  cells  are  modified  in  structure  and  arrangement  They  become 
"gland  or  secreting  cells,"  and  their  formed  material  is  resolved  into 
peculiar  substances,  which  constitute  the  secretion  of  the  gland. 

Gland:tlar  ^ithelium  may  be  obtained  from  the  tubes  or  glandt  in 
the  mucous  membrane  of  the  stomach,  from  the  liver,  kidney,  and  odier 
organs.  The  gland  cell  consists  of  a  mass  of  bioplasm  in  the  centz^ 
around,  or  upon  one  side  of  which  the  formed  material  accumulates. 
This  formed  material  gradually  undergoes  change,  and  the  peculiar 
secretion  of  the  gland  results.  We  see,  then,  that  the  formation  of 
the  secretion  depends  really  upon  the  bioplasm.  Nothing,  therefore^ 
can  be  more  incorrect  than  the  assertion  that  secretions  are  produad 
by  oxidation  and  other  mere  chemical  changes. 

The  mucous  membrane  of  the  stomach  should  be  studied  in  vertital 
sections,  and  in  sections  made  at  different  depths /tzr(i//!!/zc/VAMfiw^!NK 
The  pig's  stomach  is  a  good  one  for  examination.  A  very  sharp  knife  b 
required.  The  thinnest  sections  may  be  obtained  after  drying  Ae 
mucous  membrane  according  to  the  plan  described  in  p.  97,  or  the 
membrane  in  the  perfectly  fresh  state  may  be  frozen,  and  thus  thin  sec- 
tions easily  obtained.  The  sections  are  to  be  remoistened  with  distilled 
water,  and  made  transparent  by  the  addition  of  a  little  weak  acetic  acid 
or  potash.  Perhaps  the  best  plan  for  obtaining  good  sections  is  to  harden 
the  mucous  membrane  in  the  mixture  of  chromic  acid  and  glycerine 
referred  to  in  p.  67,  before  cutting  thin  sections. 

The  sub-mucous  areolar  tissue  may  be  very  readily  demonstrated  by 
removing  a  small  piece  from  the  under  surface  of  the  mucous  membrane 
with  scissors,  and  tearing  it  up  with  needles.  Beneath  the  hard  cuticular 
mucous  membrane  of  the  oesophagus,  there  is  an  abundant  layer  of  lax 
areolar  tissue,  which  connects  the  lining  membrane  with  the  muscular 
coat  beneath,  and  permits  the  greatest  alteration  of  the  form  of  the  tube, 
during  the  passage  of  its  contents,  to  take  place.  A  small  piece  of  this 
may  be  readily  removed  for  examination.  It  consists  of  areolar  tissue 
with  vessels,  nerves,  and  a  few  lymphatics.  Not  only  are  nerves  found, 
but  multitudes  of  nerve<entres  as  described  below. 

SSI.  Tim. — nuscnuu-  Fibres. — One  of  the  best  plans  of  demonstra- 
ting the  villi,  which  project  from  the  surface  of  the  mucous  membrane 
of  the  small  intestine  is  the  following  : — A  stream  of  water  is  allowed  to 
flow  over  the  surface  so  as  to  cause  the  villi  to  fall  in  one  direction.  A 
clean  cut  is  then  made  across  the  intestine,  and  the  villi  caused  to  faJ\  in 
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ow»-*^^^^^**^  direction  by  the  stream  of  water.    When  a  very  thin  section 

remO'^^^^^  from  the  freshly  cut  surface,  one  or  two  rows  of  entire  villi 

...  x^    ^^f—«adily  obtained.  Another  method  istofloaia  piece  of  the  mucous 

,,nhTZ^»-  '"^  *'"'^  '^^  *'^^*  downwards  upon  the  surface  of  the  chromic  acid 

1^^^  -^T'lg  solution,  p.  67.     In  this  way  the  villi  become  limi  and  erect, 

■  ^  sections  of  rows  of  villi  may  be  obtained. 

epitheliutn  is  eai^ily  removed  from  the  surface  of  the  villi.     Its 

^^jig^imJMrDt  is  represented  in  pL  XXXVIII,  figs.  *,  5,  8. 

rni^^     MVMw'ar  jibrts  are  to  be  shown,  it  is  said,  by  washing  off  the 

■^gV  -i  «jroi  »nd  treating  the  villi  with  a  solution  of  acetic  and  nitric  acid, 

mtK>-^*d  of  about  four  pans  of  water  to  one  of  acid.     Besides  the 

Vmaiam  <l'nal  muscular  fibres  first  described  by  Briicke,  there  are  circular 

i,ii-»s.Terse  fibres,  which  I  have  demonsirated  by  the  aid  of  the  process 

'. 4tjcn^=>*^'^ '"  "V^  VI.    The  eltmcntary  structure  of  the  muscular  coal  of 

^  int-e^stinc  may  be  demonstrated  by  leaking  small  shieds  in  nitric  acid 

^lAcd  <Titli  Tout  or  five  paris  of  water,  or  according  to  the  method  of 

-.ibon  often  referred  lo  and  described  in  detail  in  part  VI. 

',i-  wnvs  in  the  sub-mucous  tissue  of  the  stomach,  and  of  erery 

put  of  Uie  small  and  large  intestine  of  nan  and  the  higher  animals  are 

exceedingly  numerous  and  connected  wit  h  an  extensive  system  of  ganglia, 

dtjocwcfed  by  Aeby,  and  of  course  pronounced  by  great  authorities  to  be 

naUy  only  modified  vessels,  connective  tissue  or  anything  but  nerves. 

There  is,  however,  not  the  slightest  doubt  concerning  the  existence  of 

^fii*  extensive  system  of  ganglia,  and  entering  and  emerging  nerve-fibres. 

*""«  of  them  aie  represented  in  figs.   1,  »,  4,  pi.  XXXVII.     The 

**fcnt    should  make  a  special  study  of  these  ganglia,  which  arc  cosily 

•fcttonatraled  in  the  young  ox  or  shceiii 

*■*.  Tbt  LaetcalB  may  be  demonstrated  when  filled  with  chyle  at  the 
1*"^  of  death.  Their  arr.ingement  may  be  very  satisfactorily  obscn-ed 
*lbe  vdii  of  a  rat  or  mouse  which  has  been  fed  upon  a  snull  quantity  of 
■"*!'  food  for  some  time  before  death.  The  animal  should  be  killed  by 
■'('dctily  dashing  it  on  the  floor.  It  should  be  examined  immediately, 
*  •***  lactcolB  will  become  emptied  before  they  are  placed  under  the 
'•»wosc::o(>e. 

*ne  alimentary  canal  of  the  mouse  is  well  suited  to  the  purpose  of 

""l^'oacopical  investigation.  The  villi,  in  proportion  to  ihe  size  of  the 
*''"***l,  arc  large  and  conical,  and  beautiful  uansixirent  injected  prepara- 
'"'**  of  ihem  may  be  made.  A  small  piece  of  intestine  may  be  injected 
''^OUt  Uifiicuity  according  lo  the  plan  indicated  in  fig.  4t  pl-  XXIX, 
^■**B.  After  the  VcSscU  have  liccn  injected,  the  intestine  is  to  be  slit  up 
""^  Small  pieces  invened  upon  the  surface  o(  glycerine  containing  a  little 
"^"f^  acid  {1  per  cent.).  In  this  way  the  villi  ait  made  to  stand  up 
■S^:v.AaimbgtartiM:e  of  the  mucous  menibronc,  and  they  tciain  Ihclt 
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position  when  the  specimen  is  mounted  permanently,  pi  XXXVIII, 
fig.  6.  In  fig.  7  villi  in  which  the  lacteals  have  been  injected  are  repre- 
sented. The  movements  of  the  chyle  in  the  lacteals  are  referred  to  io 
p.  193,  and  the  mode  of  demonstration  described. 

The  examination  of  the  various  textures  entering  into  the  fonnation 
of  the  circulating  organs  has  been  already  referred  to  in  pp.  145  to  148,  but 
the  examination  of  the  blood  corpuscles  may  be  conveniently  discussed  in 
this  place.  The  method  of  investigating  the  phenomena  of  the  circula- 
tion during  life  will  be  found  treated  of  in  p.  191. 

ssa.  Blood  corpaaclcB  or  globules,  from  the  human  subject  axe  moie 
fully  described  in  "  The  Microscope  in  Medicine,"  pp.  253  to  270.  Some 
are  represented  in  pi.  XXXIX,  fig.  2.  Their  general  characters,  and 
especially  their  colour  or  refractive  power,  should  be  contrasted  with  chI 
globules  of  different  kinds,  air  bubbles,  and  with  microscopic  fungi, — 
particularly  the  sporules  of  common  mould,  peniciUium  glaucum,  and  the 
yeast  fungus.  It  is  in  some  cases  a  matter  of  great  practical  importance 
that  the  student  should  not  mistake  fungi  for  blood  corpuscles.  The 
sporules  of  some  fungi  very  closely  resemble  them.  The  common  yeast 
fungus,  in  different  stages  of  growth,  is  represented  in  pL  XXXIX,  fig.  I. 

Blood  corpuscles  are  readily  obtained  by  pricking  the  finger.  A  vtry 
thin  stratum  of  the  fluid  is  alom  required.  By  drawing  3  needle  acxost 
the  thin  glass  under  which  the  blood  corpuscles  are  placed,  they  may  be 
divided  into  many  smaller  globules.  This  proves  that  the  red  blood 
corpuscles  consist  of  a  mass  of  soft  viscid  matter,  the  outer  part  of  which 
is  somewhat  hardened,  and  that  they  are  not,  as  b  still  taught  by  soqa^ 
cells,  or  cell-walis,  containing  a  solution  of  red  colouring  matter.  Tlie 
blood  corpuscles  of  some  animals  crystallize  very  readily.  The  student 
should  place  a  drop  of  Guinea  pig's  blood  under  thin  glass  and  study 
the  changes  which  occur  in  the  corpuscles  during  a  quarter  of  an  hour  or 
twenty  minutes  {pi.  XXXIX,  figs.  3,  6),  and  consider  while  he  observes  . 
the  changes  which  take  place  whether  the  descriptions  usually  given  pf3 
the  red  blood  corpuscle  are  correct 

The  sloth  and  the  camel,  among  mammalia,  are  said  to  posses^ 
nucleated  red  blood  corpuscles,  but  Dr.  Rolleston  was  unable  to  veri^^ 
this  observation  in  an  examination  he  made  a  short  time  since.  Hi^^ 
observations  cannot,  however,  be  accepted  as  conclusive,  because  thi^ 
blood  examined  by  him  was  dried  on  a  glass  slide.  "  Note  on  the  Blooey 
Corpuscles  of  the  Two-toed  Sloth,  Choloepus  didactylus,"  "  MicroscoiMC 
Journal,"  April,  1867,  p.  127.  Red  blood  corpuscles  of  the  frog 
represented  in  fig.  4,  pi.  XXXIX,  and  in  fig.  5  white  blood  corpuscles  o^ 
the  same  animal. 

M4.    HeasnremcDt  of  tlie  Blood  Corpuscles. — The  red  blood  COK~- 
puscles  of  different  animals  vary  greatly  in  size.    The  largest  is  found  b 
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the  Amphiuma,  the  smallest  in  the  musk  deer.  The  observer  will  also 
find  that  the  red  blood  corpuscles  of  any  one  animal  vary  greatly  in  size, 
the  smallest  being  so  minute,  and  so  very  transparent  as  to  be  visible 
only  if  great  care  is  exercised  in  the  management  of  the  light.  The 
diameter  of  the  blood  corpuscles  may  be  ascertained  in  the  manner 
described  in  page  43.  Most  careful  measurements  have  been  made  by 
Professor  Gulliver,  to  whom  I  am  indebted  for  a  plate  showing  the  rela- 
tive sizes  of  the  red  blood  corpuscles  in  nearly  a  hundred  different 
Vertebrata  ("  The  Microscope  in  Medicine,"  4th  edition).  For  the  most 
extensive  tables  of  measurement,  and  observations  on  the  size  and  shape, 
of  the  red  blood  corpuscles,  the  reader  is  referred  to  Professor  Gulliver's 
memoirs  in  the  "Proceedings  of  the  Zoological  Society  of  London," 
June  15,  1875,  and  other  numbers. 

sss.  CeloBrteti  Blood  corpnselei  should  be  very  carefully  studied 
by  every  microscopical  observer.     A  few  may  always  be  found  amongst 
the  red  blood  corpuscles  in  a  drop  of  blood  obtained  by  pricking  the 
finger,  but  if  the  blood  of  any  very  young  animal  be  selected,  multitudes 
will  be  found.     In  the  ovum  of  the  chick,  turtle,  tortoise,  or  snake  the 
blood,  though  it  may  be  red  in  colour,  will  be  found  to  consist  almost 
wholly  of  colourless  blood  corpuscles,  pi.  XXXI,  p.  126,  fig.  4.     The 
colouriess  blood-corpuscle  consists  almost  entirely  of  bioplasm  or  living 
matter,  and  while  it  lives  it  exhibits  those  movements  which  are  so 
lemarkable,  and  which  are  manifested  by  living  matter  only.    Sex  p.  204. 
tM.  Lnsff. — There   is   not   much   difficulty  in  demonstrating  the 
^fierent  tissues  of  which  the  lung  is  composed.     Small  pieces  of  per- 
fectly fresh  lung  may  be  snipped  off,  and  spread  out  upon  the  glass  slide 
ia  the  usual  way,  the  preparation  being  moistened  with  water  or  serum. 
TIh  addition  of  a  little  acetic  acid  causes  the  yellow  elastic  tissue  to 
become  very  distinct     The  boundaries  and  arrangement  of  the  air-cells 
may  also  be  readily  shown. 

No  opinion  with  reference  to  the  nature  of  the  walls  of  the  air-cells 
can  be  arrived  at,  unless  injected  as  well  as  uninjected  specimens  are 
examined.  The  twisted  and  shrunken  capillaries  of  the  recent  lung 
containing  a  few  blood  corpuscles,  produce  an  appearance  which  is  very 
likely  to  give  rise  to  erroneous  inferences  with  regard  to  the  disposition 
and  coverings  of  these  vessels.  Either  the  Prussian  blue  or  carmine 
injecting  fluid  may  be  employed.  A  most  instructive  preparation  of  the 
lung,  however,  is  made  by  injecting  the  vessels  with  tolerably  thick  trans- 
parent gelatine,  which  transudes  through  their  walls,  and  fills  the  air-cells. 
After  the  lung  has  been  thoroughly  injected,  it  is  set  aside  to  get  cool. 
Thin  slices  may  be  examined,  and  the  vessels  will  be  seen  in  situ  appa- 
rently bare,  and  uncovered  by  epithelium.  ("  Physiological  Anatomy," 
Todd  and  Bowman,  p.  393.  Mr.  Rainey,  in  the  "  Medico-Chirurgical 
Tiansactions,"  toL  XXXII,  1849,  P-  47) 
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Trachea  and  Bronchial  Tubes. — The  mucous  membrane  oi  the  trachea 
and  bronchial  tubes  must  be  examined  in  the  recent  state  by  cutting  thin 
sections  with  a  very  sharp  knife.  Beneath  this  mucous  membrane  is  an 
abundant  plexus  of  lymphatic  vessels.  In  many  cases  these  contain 
lymph  corpuscles  and  fatty  matter  in  a  granular  state,  so  that  their 
arrangement  may  be  easily  made  out  The  lymphatics  upon  the  surface 
of  the  lung,  immediately  beneath  the  pleura,  may  be  also  sometimes 
very  clearly  demonstrated.  I  have  one  specimen  in  which  these  lymph- 
atics are  completely  distended  with  large  oil  globules  and  granular 
matter,  so  that  the  position  of  their  valves  is  rendered  very  distinct,  and 
the  smallest  branches  can  be  followed  into  the  intervals  between  the 
lobules  of  the  lung.  In  this  specimen  the  tubes  certainly  form  a  net- 
work, but  in  many  situations  appearances  are  observed  which  lead  to  the 
conclusion  that  these  tubes  also  commence  in  csecal  extremities. 

To  obtain  the  ciliated  epithelium  of  the  air  passages,  it  is  only 
needful  to  scrape  the  surfaces  gently,  and,  if  necessary,  the  preparatioa 
may  be  moistened  with  a  little  serum,  as  water  would  very  soon  st<^  the 
movement 

S3V.  aallTafT  ciRUflB  Mid  PMicreas. — The  best  idea  of  the  stnictuie 
of  these  glands  is  obtained  by  subjecting  one  of  the  smallest  labial  or 
buccal  glands,  and  Brunner's  glands,  which  lie  beneath  the  mucous 
membrane  of  the  duodenum,  to  examination.  The  ultimate  follides 
and  epithelium  are  very  easily  demonstrated  in  specimens  which  h»e 
been  soaked  for  some  time  in  glycerine.  It  is  often  troublesome  totnoe 
the  continuity  of  the  duct  with  the  follicles,  in  consequence  of  some  of 
the  latter  covering  its  tennina!  portion.  The  ducts  of  the  salivary  j^aadl 
and  pancreas  may  sometimes  be  injected  if  the  organs  have  been  id^'j 
jected  to  firm  pressure  in  a  cloth  for  some  time  previously,  so  that  M'  ' 
much  as  possible  of  the  fluid  they  contain  may  be  absorbed,  and  dm 
the  entrance  of  the  injection  into  the  ultimate  follicles  favoured.  Good 
sections  may  often  be  obtained  from  specimens  which  have  been  hardened 
in  alcohol  and  soda.  The  arrangement  of  the  capillaries  is  easily  made 
out  in  specimens  injected  with  transparent  blue  or  red  injection.  If  tfie 
vessels  are  injected  with  gelatine  only,  very  instructive  sections  may  be 
made. 

The  nerve  fibres  are  distributed  as  networks  around  the  follicles  of 
the  gland.  The  finest  fibres  ramify  outside,  and  no  branches  of  nerves 
become  connected  with  the  secreting  cells  of  the  gland  as  has  been 
asserted.  Pfliiger,  and  those  who  support  him,  appear  not  to  be  aware 
that  much  finer  nerve  fibres  may  be  demonstrated  than  are  represented 
in  his  drawings,  and  at  a  considerably  greater  distance  from  the  daxk- 
bordered  fibre  than  the  point  where  he  makes  the  nerve  pass  into  the 
epithelial  cell. 

138.  LlTcr^OB  Demoutratlns  the  varloni  stntctiirei. — To  demon- 
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(tntc  ifi*  fliffcrcnl  structures  in  the  llvtr  very  diflcrent  processes  are 

rpiutrtd     If  ihc  cells  alone  arc  to  be  examined,  a  freshly-cut  surface 

nuy  be  scrap<rd  with  a  sharp  knife,  and  the  matter  thus  remo\'C(]  placed 

it  a  drop  of  water  or  serum,  and  covered  with  the  thin  glass.     The 

ippearuicc  of  a  cell  wall  is  pretty  distinct  in  water,  but  this  is  due 

fBTtly  (o  the  diffeteace  in  refractive  power  of  the  water  and  the  material 

of  vhich  the  so-r^lted  cell  is  composed,  and  partly  to  the  action  of  the 

inter  itself  uiK>n  thi5.     If  the  cells  be  placed  in  serum  or  glycerine, 

tiicy  appear  perfectly  solid,  and  no  envelope  can  be  rhscoveredj  and  in 

joQie  cases  sharp  points  arc  seen  to  project  from  different  parts  of  the 

(til,  a  fort  which  renders  the  presence  of  a  membraije  almost  impos- 

l2>le.    'I'he  liver  cell  h  in  fact  a  mass  of  soft  fotmed  material  the  outer- 

Bost  imrt  of  which  is  undergoing  change. 

In  order  to  demonstrate  the  relation  which  the  different  elementary 

!  ynichitcs  of  Ihe  liver  bear  to  one  another,  it  is  ad^-isablc  to  cut  a  very 

Uua  section  by  means  of  Valentin's  knife,  from  the  organ  when  quite 

I  ficsh.  But  the  best  plan  is  to  cut  very  tliin  sections  from  portions  of  the 

iaxii  which  have  been  frozen.   ^  p.  94.    Or  thin  sections  may  be  taken 

from  portions  of  liver  which  have  been  hardened  in  alcohol,  chromic 

■6d,i:c.    The  vessels  of  the  liver  may  sometimes  be  demonstrated  by 

'Wiiipg  the  cells  away  from  a  thin  section  with  a  stream  of  water,  and 

dta  treating  it  with  a  HtUc  dilute  caustic  soda.    In  specimens  prepared 

tB  Ihu  way,  however,  the  capillaries  are  often  quite  invisible.     From 

Ibc  eiircmc  lenuity  of  tlicir  walls  in  many  cases,  not  a  trace  of  them 

on  be  discovered — todeed  the  existence  of  the  capillary  wall  can  only 

le  [SDTcd  by  fdlii^  the  vessels  with  transparent  injection  in  the  first 

iiBbire. 

Ofiht  ZohUa  p//Ae  Lhtr,  Vastis,  «5-c. — The  investigation  of  the 
Knxiiue  of  the  liver  is  somewhat  difficult,  owing  to  the  numerous 
,  tissues  which  compose  the  organ  and  their  intimate  connection 
I  cue  another. 

lutiiUi. — The  liver  is  made  up  of  a  vast  number  of  elementary 

i  about  the  tenth  of  an  inch  in  diameter.    These  are  called  iobules, 

bKllicyare  not  separated  from  one  anulher  by  fibrous  or  other  tissue, 

lad  no  structure  answering  to  tile  description  given  of  Glisson's  capsule, 

Oa  be  demonstrated  in  this  situation  in  the  livers  of  most  animals. 

Ct«l  eonfiiMon  with  regard  to  the  nature  of  the  "  lobule,"  has  arisen 

inn  observers  considering  the  pig's  liver  as  the  type  to  which  otheis 

Aoold  be  referred,  whereas  its  arrangement  is  exceptional  and  totally 

difamt  from  the  human  and  most  m:unmalian  livent.    Separate  pieces 

(rISifi  die  size  of  half  an  orange  may  be  injected  without  difficulty.   In 

ooc  the  portal  vein  may  be  filled  ;  in  another  the  hepatic  vein  ;  in  a 

■lictd  the  aitery,  and  in  3  fourth  the  duct,  or  two  or  more  of  these  tubes 

af  Ik  injected  in  the  same  specimen.     The  portal  vein,  the  arter>, 


and  the  duct  run  together,  while  the  hranches  of  the  hepatic  vein 
by  themselves,  so  that  in  sections  where  the  tcsscIs  are  Urge,  th 
student  win  soon  Icarn  to  distinguish  the  different  tubes. 

Porta!  Vein. — The  general  arrangement  of  the  porta!  vein  nu^r  b 
easily  demonstrated  by  injecting  one  of  the  large  trunks  of  this  v^ak 
with  the  Prussian  blue  injection.  It  is  desirable  not  to  attempt  to  nuU 
a  very  complete  injection,  but  to  leave  the  capillaries,  in  the  centre  (| 
the  lobules,  in  an  iminjccted  state.  ' 

Hepatic  Van. — The  injecting  pipe  may  be  placed  in  one  of  the  laig 
branches  exposed  on  the  cut  surface  of  the  liver.  The  injcctioD  nnl 
vcrj*  readily,  and  6II3  the  capillaries  in  the  centre  of  the  lobules.  | 

The  portal  vein  may  be  injected  in  one  part  of  a  Kvcr,  and  m 
heiKttic  vein  in  anot]:ier  paiU    Sections  of  the  lobules  tn  which  the  laltej 
has  been  injected,  of  course  form  the  exact  complement  of  those  in  irhi 
the  iKjrtal  vein  is  injected.     By  injecting  the  portal  and  hepatic  veins 
the  same  part  with  different  colours,  both  sets  of  capillaries  may 
shown  in  one  preparation.     Beautiful  specimens  of  this  kind  najf 
prepared  by  injecting  one  vessel  with  the  add  carmine  and  the 
with  Prussian  blue  fluid.    A^-pp.  no,  iii. 

Thin  sections  may  bo  cut  by  the  freezing  process  (p.  94),  or 
perfectly  (resh  liver,  by  Valentin's  knife  or  by  ihe  double^ged 
It  iii  desirable  to  take  several  thin  sections  from  ihe  surface  d  tfe 
organ.     The  sections  may  be  well  preserved  in  glycerine. 

Artery. — l"he  surface  of  the  liver  \&  supplied  by  an  extensive  artefi 
network,  and  the  portal  canals  also  contain  a  similar  network.  TlH 
coats  of  the  ducts  arc  largely  supplied  with  arterial  blood,  and  the  finC 
ducts  are  in  close  relation  with  numerous  small  branches  of  the  artm 
"  Philosophical  Tran.saciions,"  1833. 

0/ fttjceiiug  the  Ducts  0/  the  Jitver.— The  method  of  injecting  1*1 
ducts  of  the  liver  has  been  already  referred  to  in  p.  117. 

Since  tlie  publication  of  my  memoir  in  the  "  Philosophical 
ttODs"  for  185s,  and  work  upon  the  anatomy  of  the  Ii\'er,  in  wl 
this  mode  of  investigation  was  described,  several  views  concerning 
arrangement  of  the  ducts  absolutely  incompatible  with  my  own 
been  advanced  by  continental  anatomists.    The  plans  which  ]  fulli 
have  been  repeated  several  times,  and  in  every  instance  the  results  whl 
I  had  already  published  have  been  confirmed.     In  1867, 1  rc-studied 
subject,  and  succeeded  in  making  several  preparations  both  from  he 
and  diseased  livers  which  arc  quite  conclusive  as  to  the  continuity 
the  ducts  with  a  cell  containing  network  in  the  lobule  .is  described 
my  finl  memoir.     It  is  curious  to  obser^'c  how  positively  the  osscrtie 
is  repeated  that  the  mammalian  liver  does  not  possc5S  a  tulnilar  stro 
luni  — Ewald  Hering,  of  Vienna,  after  admitting  that  the  vertebrate  livi 
in  general  is  to  be  regarded  as  a  "  recticutarly  arranged  tubular  gland 
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ffics  on  to  say  that  "  all  the  uft-nfjieaicd  accounts  of  a  tububr  stnicture 
)f  the  oumiimluin  liver,  I  must  point  out  as  erroneous  (1).  For  in- 
ffiiDCc.  Bcalc's  tunilLir  rcprcscnlation,  which  is  intended  to  demonstrate 
itic  iiibuliir  structure  of  the  pig^'s  liver,  show's  me  plainly  that  a  com- 
jicKl^  mined  (!)  preparation  was  ihu  roumlalion  of  it.  The  injection 
nus  U  cxtnvasaicil  out  of  the  gall  ilucLs  the  liver  cells  are  distorted 
bm  t^ieir  natunU  position,  and  to  such  an  extent  destroyed.  Beale  has 
abc  inrcfiigaicd  the  liver  of  cotd-blooUud  -vertcbrata,  and  this  may  have 
Bsld  ilic  distinguished  nucroscopt&t  in  supposing  (!)  analogous  ctrcum- 
tfmces  for  the  monuDalia."  Now  the  spcciraen  was  not  ruined ;  I  saw 
tlut  1  afiinncd,  and  have  never  advanced  as  demonstrations  what  arc 
bo  wtiposilions.  Further  observations  will  probably  convince  Hcring 
tto)  Ihe  mistakes  and  inippositions  are  not  upon  my  side.  It  would 
hin  Iten  n-iscr  on  Hcring's  par  if  he  had  examined  my  specimens 
ktfijfc  venturing  w  make  such  ridiculous  assertions  concemine  the 
Uundrr^  which  he  assumes  haw  tjccn  made  1^  mc 

lit.  Tlir  .knalomj'  iif  ClandiilAr  f»mti<i  mnrr  mhIIj  DrmHiiitntted 
■  Ikr  Lawtr  Anlmnlii  itmn  in  n*u  nnd  tlii*  lUEbcr  AiilntiiU.  —  In  ron- 
■ipiincc  of  the  great  complexity  of  the  structure  of  many  of  the  tissues 

.inimals,  the  chanjjca  occurrinx  in  Iheir  minute  structure 
t  death,  and  their  cxlrcmc  dL-Ucacy,  anatomists  hiivc  long 
kcfi  in  the  habit  of  resorting  to  the  examination  of  textures  in  the  lower 
Inmuof  animal  life  in  the  hope  of  oI)taining  an  initight  into  the  stnic- 
BR  Bu!  mode  of  action  of  corresponding  tissues  in  the  higher,  .ind  with 
ttiuidcnbic  success.  I  can  adduce  no  better  illusiration  of  the  great 
nine  of  SDch  nn  appenl  to  the  simpler  fonasi  of  animal  life  than  occurs 
a  flu  case  of  the  kidnry, 

Kiixiy  aj  Nexi. — In  animals  generally,  this  gkind  consists  essentially 
of  1  nsi  number  of  long  and  highly  tortuous  tubes — which  in  the  higher 
Donlcni  of  the  class  are  packed  su  cluM:ly  together  as  to  form  a  firm 

rtrj  compact  org^n,  the  general  chamrters  of  which  are  familiar  to 
id  of  vessels  hearing  a  particular  relation  to  these  tubes.  Xn  such 
ikidBCf  it  is  impossible,  under  ordinar>"  circiimhtimces,  to  follow  an  indi- 
tidiullDbe  for  any  ver>-  Kteat  distance,  as  the  observer  will  be  convinccti 
if  be  haks  at  a  sjiccimcn  in.  tlie  niicruscupc ;  but  in  the  lower  animals 
iliekidoey  is  less  comiiact,  and  the  several  tubes  ore  not  so  intimately 
.1  together.  Indeed,  in  many  of  them  the  kidney  is  prolonged 
.lUi,  tnuisporcnt,  almost  thiead-likc  organ,  which  extends  into 
te  tteradc  portion  of  the  animal.  In  this  situation  in  the  common 
wrtor^lTriton  ot  Lissolriton)  wc  have,  so  to  say,  a  n-iluml  dissec- 
tion of  the  elements  of  the  gland  structure,  and  we  may  demonstrate  an 
ttfflgeiBcm,  the  eiristencc  of  which  wc  can  only  infer  by  an  examina- 
fwof  liun  sections  of  the  cominct  kidney  of  mammalia.  The  method 
(tf6ucaion  Is  described  in  §  sOi  on  Cil'mry  Movement,  p.  194.   SVn^ 
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tubes,  with  the  structures  connected  with  them,  may  be  traced  through) 
out  their  entire  length,  for  in  this  thin  part  of  the  kidney  the  tubes  an 
quite  sep.iTnte  from  ortc  another.  I  need  hardly  obsen'e,  th.it  ic  wool^ 
be  Tain  to  attempt  to  make  such  a  dissection  aitificialty.  See  fig.  8,  jil 
XXXIX,  p.  15S.  A  probe  is  placed  under  the  thin  thoracic  portion  a 
the  kidney.  If  a  piece  of  this  be  carefully  removed  from  the  recently 
killed  animal,  the  cilia  lining  the  whole  length  of  the  tube  will  hesrefl 
in  active  nbration.  Beautiful  specimens,  showing  llie  continuity  of  im 
tube  with  the  Qask-Hke  diUtation  enclosing  the  vessels  of  the  tuft,  nuV 
be  obtained  from  animals  which  have  been  injected  with  the  Pninin 
blue  fluid,  fig.  9,  pi,  XXXIX. 

Alany  other  iUustraiions  of  the  ^-aluc  of  this  kind  of  inwstigatioD 
tnight  be  adduced  of  equal  interest  and  importance,  but  I  must  be  COB- 
Umt  with  strongly  advising  all  those  who  desire  to  prosecute  reseatcbB 
for  the  purpose  of  demonstrating  the  structure  of  any  [tarticular  umt 
or  organ  to  investigate  with  great  care  its  anatomical  structure  In  ammik 
considerably  below  mammalia,  and  especially  in  the  lowest  forms  of  lili 
in  which  the  particular  tissue  or  oiRaa  in  question  has  been  proved* 
exist  We  should  endeavour  to  find  it  in  its  simplest  condition,  becaw 
the  mind  will  be  better  able  to  appreciate  the  exact  meaning  of  the  smy 
turcs  which  arc  suiieradded,  and  the  more  clat>or3te  anatomical  detiS 
which  obtains  in  the  higher  animals,  than  if  the  attention  had  been  cat- 
fined  to  the  consideration  of  the  most  perfect  examples  of  the  structvt 

In  ilie  examination  of  the  mamnulian  kidney,  the  epitheliun  aixl 
fragments  of  the  tubes  may  be  readily  obtained  by  scraping  the  ftttbh 
cut  surface.  In  this  manner  also  Maipighian  tufts  may  often  be  st^ 
rated,  but  it  is  impossible  in  this  way  to  ascertain  the  relation  of  Ac 
different  stniruires  to  one  another,  as  by  the  process  of  scraping  th? 
are  ine^-itably  much  torn.  A  thin  section  in  which  the  relation  ofliK 
svvcml  anatomical  elements  may  be  demomitratcd,  is  ohtair>cd  taAff 
with  a  sharjj  thinbladed  knife,  or  more  advantageously  with  a  ValcniillV 
knife,  by  which  means  a  section  including  both  the  cortical  and  nedi*' 
lary  portion  of  the  organ  may  be  made  After  washing  the  section  «fly 
slightly,  it  may  be  placed  wiih  a  drop  of  water  between  two  picttscf 
glass,  and  examined  in  the  micnxscopc,  a  low  power  (an  inch  glMiOk 
being  used  first,  by  which  the  general  arrangement  of  the  tubes  will  t* 
seen,  and  a  ([uoner  of  an  inch  object-glass  afterwards,  by  the  aid  9 
which  ilie  diflerent  characters  of  the  epithelium  in  the  straight  aiul  nv 
volulcd  portions  of  the  lubes  may  be  dearly  demonstrated. 

140.  mwtcmtui  Bfcmknuie,  Mmutx,  aatf  vcbwib.— Just  at  the 
of  the  specimen,  a  portion  of  a  tube  stripped  of  epittielium,  and  exhibit' 
ing  the  basement  membrane  very  distinctly,  may  olten  be  observsL 
The  appearance  which  has  been  described  as  resulting  60m  the  pr^ 
liCQce  uf  a  matrix  may  be  very  clearly  seen  in  a  section  of 
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g  inouw,  or  in  (hat  of  mnnj  other  rodents  Where  the  capillaries  are 
nijccted  with  transparent  injcrtion.  no  fibrous  appearance  is  to  be 
iettctttj ;  and  I  bcUcvc,  at  Icaul  in  licalihjr  kidneys,  that  ihc  material 
itsemtilmg  fibrous  tissue,  really  consists  of  the  walls  of  the  tubes  and 
(he^ininken  and  othenrise  altered  rapillaries. 

Here  and  there,  apparently  upon  the  vessels  of  the  Matpighian  tuft, 
1  jcff  cell-like  bodies  are  often  seen.  Hiese  have  been  described  by 
MW  «s  epidielial  cells  upon  the  external  surface  of  tiie  vei-sel.  but  the 
iDorcbes  of  Mr.  ttowmati  ctmclusivcly  prove  that  the  vessels  ar« 
fBK  (ure.  The  appearance  of  epithelium  upon  the  surface  of  the 
Hsel.  i<>  caused  by  the  loops  of  capillaries  being  shrunken  and  col 
bfKd.  When  distended  with  transparent  injection,  no  such  appear- 
txt  ii  observable,  but  here  and  there  a  few  very  small  granular  cells 
Masses  of  bioplajim  or  nuclei,  arc  connected  with  the  walls 
vemeH,  as  well  as  with  other  tissues,  fig.  3,  pi.  XXIX,  [>.  to3. 
s».  KuuMinaitoa  af  Nrnr«.i;BnKUa. — 'Hie  ganglia  of  the  oiganic  or 
imiiilhctic  system,  and  the  ganglia  on  the  ]>ostcrior  roots  of  the  nerves. 
■Indi  jmiluibly  an-  a  part  of  the  same  system,  should  be  obtained  from 
roon^'iiiiinAls,  for  in  adults  and  in  thoKc  advanced  in  age,  the  quantity 
rf  mnncclive  tissue  is  ro  great  as  to  hide  many  of  the  tells  and  render 
it  impowible  to  trace  for  any  great  disianc*  from  the  cell  the  very  pale 
idicue  nerve-fibres  connected  with  them.  In  investigations  upon  the 
of  these  ccUs  1  have  pursued  the  pbn  of  investigation 
in  port  VI,  by  the  aid  of  which  I  was  enabled  to  demonscrate 
least  two  fibres  (one  of  which  in  the  frog's  ganglion  cells  was 
round  the  other)  came  from  every  one  of  these  ganglion  cells, 
ind  ihkt  the  fibres  when  ihcy  reached  the  nerve  trunks  puraucd 
'iirections.     See  fig.  4,  pi.  XL,  p.  166. 

good  examples  of  ganglia  of  the  organic  system  of  rKrves  arc 
liiftKprescnlcd  in  pi.  XXXVII. 

RuMdiiMMm    af  ibc    R|»|b>1    i:oNI. — Different    part3   of  the 

nujr  be  examined  in  Ihc  fresh  slate,  but   in    onler  to  dvmon- 

inie  the  beautiful  &tnicturc  described  and  figured  in  modern  works,  we 

I  hzTC  recourse  to  certain  methods  of  preparation.    The  method  of 

very  thin  sections  of  the  brain  and  cord  is  described  on  p.  94, 
A  vcak  solution  of  chromic  acid  is  invaluable  for  investigating  the 
sntftttre  of  the  cord.  Segments  of  different  parts  arc  placetl  in  the 
wlwion  and  allowed  to  harden,  when  vcr)-  tliin  sections  may  be  readily 
ohtsned  and  examined.  1'he  method  of  preparation  followed  by  ^fr.  J. 
Lnckhvt  Clarke,  in  his  beautiful  and  highly  important  investigations 
milK  stmctnrc  of  the  spinal  cord  was  tlie  follomng  : 

A  perfectly  fresh  cord  was  hardened  in  5{jirits  of  wine,  so  that 
extmscly  thin  sections,  in  various  directions,  could  be  made  by  means 
of  1  vay  sharp  kntfe.     A  section  so  made  was  placed  on  a  glass  ^de, 
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and  treated  with  a.  mixture  composed  of  one  part  of  acetic  add  u 
three  of  spirits  of  wine,  which  not  only  makes  the  nerves  and  fibiw 
portions  more  distinct  and  conspiciioiw,  but  renders  also  the  grey  sd 
stance  much  more  trans[jarent.  The  section  was  then  covered  with  thi 
glass,  and  viewed  first  by  reflected  light  witli  low  magnifying  power 
by  reflected  light  with  higher  ones. 

According  ti>  the  second  nictliuil,  the  section  i&  firi^t  tnaceraU 
an  hour  or  two  in  the  mixture  of  acetic  acid  and  spirit.  It  is  the 
removed  into  pure  spirit,  and  allowed  to  remain  there  for  about  ll 
same  si>ace  of  time.  From  the  spirit  it  is  transferred  lo  oil  of  lurpo 
tine,  which  exjxrls  the  spirit  in  the  form  of  op.iquc  globules,  and  shofl! 
{sometiines  immediately)  renders  the  section  perfectly  transparenL  Tl 
pref>amtion  is  then  put  up  in  Canada  balsam,  and  covered  with  tbi 
glass.  By  this  means  the  nenr'e  fibrils  and  vehicles  become  so  bcaffl 
fully  distinct,  tbat  they  may  be  clearly  seen  with  ttie  highest  powerti 
the  microscope.  If  the  sectign  be  removed  from  the  turpentine  wIk 
it  is  only  semi-transparent,  we  sometimes  obtain  a  good  view  of  tl 
arrangement  of  the  blood-vessels.  This  mode  of  preiwralion  succeoi 
best  in  cold  weather,  for  in  summer,  the  cord,  however  fresh  wht 
immersed  in  the  spirit,  remains  more  or  less  spongy,  instead  of  becor 
ing  firm  and  dense  in  the  course  of  five  or  six  days.  The  spirit  shoal 
be  diluted  with  an  equal  quantity  of  water  during  the  first  day,  aft 
which  it  should  be  used  pure.  Certain  modifications  of  this  mode  < 
preparation  may  be  sometimes  employed  with  advantage  by  a  ptactin 
hand  ("  Philosophical  Tr-jiisactions,"  1851).  These  processes  are  ma 
or  less  applicable  to  the  investigation  of  the  brain  and  some  of  the  gangB 

\fr.  Clarke  has  since  adopted  a  modification  of  his  origioal  phi 
and  has  been  kind  enough  to  send  mc  the  following  directions: — TF 
spinal  cord  and  medulla  oblongata  of  man  and  the  higher  mammal 
are  to  be  cut  into  pieces  of  half  or  three  quarters  of  an  inch  loDj 
and  steeped  in  a  solution  uf  one  part  of  chromic  acid  in  zoo  fat 
of  water,  for  tluee  weeks  or  a  month.  It  is  then  preserved,  for  tii 
ID  a  solution  of  about  one  |>art  of  tkAramate  of  potash  in  200  par 
of  water.  !-'or  hardening  the  convolutions  of  the  cerebrum  andccr 
bellum,  the  solution  of  chromic  acid  must  be  weaker  than  lot  tl 
spinal  cord  or  medulla  oblongata,  that  is  the  proportion  of  one  pn 
of  the  acid  to  four,  or  even  five  hundred  pans  of  water;  but  d 
portions  of  brain  must  be  small,  not  more  than  half  an  inch  thk 
otherwise  they  become  rotten  before  the  acid  has  rcachcd  their  cenlni 
A  little  spirit  added  to  the  solution  for  two  or  three  days,  after  the  fil 
day,  will  prevent  this.  The  pure  solution  can  then  be  renewed.  Spi 
of  wine  is  used  to  wet  the  knife  or  razor  in  making  sections,  wht 
should  be  washed  in  water,  before  they  arc  placed  in  solution  uf  canoif 
^Vhcn  suffitiently  coloured,  the  sections  are  again  washed  in  watct,  ai 
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|j|aced  for  Icn  minutes  or  a  quarter  of  an  hour  in  stixing  spirit ;  aAer  which, 
if  ibey  be  ihin,  thi.7  art  floattU  on  the  surface  oFspint  of  turpentine,  when: 
tbey  remain  until  they  are  quite,  or  nearly,  tnmsijarenl,  when  they  are 
Ktaovcd  to  glass  slides,  ou  which  3  httle  Canada  balsam  has  been  pre- 
fiijuitj  droi)|>c<t     If  now  they  src  cjamincd  under  the  microscope,  the 
scctioni  often  show  but  lilllc  trace  of  either  cells  or  fibres — a  circumstance 
vbich  iceras  to  have  caused  Schroeder  Van  der  Kolk,  and  some  others  to 
ttoedon  the  method.     If.  however,  the  section  he  set  aside  for  a  little 
vBe,uK]  treated  occasionally  with  a  tittle  turpentine,  the  cells  and  fibres 
na^^ar,  and  present  a  beautiful  appearance.     Before  tlic  specimens  arc 
ba&j  covered  with  thin  glass,  they  should  be  examined  at  intervals 
nder  the  microscope,  to  see  wlicther  all  the  details  of  structure  have 
cane  out  dcariy:  and  if  so,  as  much  Canada  balsam  must  be  used  as 
'■  ■'  for  mounting.    If  the  sections  be  of  considerable  thkkmss,  it  will 
;  l<5t  to  place  them  in  a  shallow  vessel,  the  bottom  of  which  is 
bpi  uinply  wet  with  turpentine,  which  can  thcrctbre  ascend  through 
themlrom  below,  while  the  spirit  evaporates  from  their  upper  surfaces, 
far  ihc  principle  of  the  method  is  this  : — to  replace  the  spirit  by  tur- 
pfntine.  and  this  by  Caiuda  balsam,  %eithoui  drying  \\\k.  sections.    Tlie 
twthod  It  first  is  attended  with  some  difhculty,  and  practice  Is  neces- 
Kjrto  ensure  complete  success.    Experience,  also,  may  suggest,  accord- 
tug  10  rimimsunres,  certain  modifications  of  the  exad  process  here 
giwn.  which,  to  a  certain  extent,  must  be  considered  as  general,    'Ihis 
mahwl  is  now  generally  adopted  in  investigating  the  structure  of  the 
Tnin  sml  spinal  cord,  but  oil  of  cloves,  or  oil  of  lemons,  and  some 
ulfKfcs^scntial  oils,  may  be  used  with  advantage  instead  of  mrjwntine, 
n4  ihc  spccinKns  tnay  be  mounted  in  a  solution  of  damur  or  Canada 
IuIhm  in  prefcR-nce  to  the  ordinary  balsam.     Aif  pp.  88  to  51,  and 
[k  j;.     Longitudinal  and    transverse  sections  of  the  spinal  cord  are 
iqstienied  in  pL  XL,  p.  t66,  figs.  1,  a. 

sts.  RUMlwaitaa  ftf  tbe  Drain.— The  brain  should  be  subjected  to 

minir.iiion  as  soon  as  possible  after  death.     In  examining  the  fresh 

tnam.  nnall  (wrtions  may  be  removed  on  the  end  of  a  knife,  placed 

B[wi  the  gLvis  slide,  and  moistened  with  a  little  scmm,  or  weak  solution 

nf  vwr,  tut  it  must  be  admitted  little  can  be  learnt  by  such  a  mode  of 

i.m,  as  the  relation  of  the  structures  to  one  another  is  com- 

1.^1^..  .icstroyed.     For  examining  the  arrangement  and  distribution  of 

Ihr  nerve  fibres,  portions  of  brain  shoul<l  be  hardened  in  the  chromic 

Kid  ttlurion,  p.  67,  when  very  thin  sections  can  be  obtained  with  a 

slaqiBuor.     Dilute  solution  of  caustic  soda  is  also  exceedingly  useful 

fai  imdenng  the  nerve  tubes  more  distinct    The  mintitc  anatomy  of 

'  tnay  be  studied  in  man  and  in  the  higher  animals,  but  the 

,    .  ii  too  complex  and  difficult  to  consider  in  this  work.     The 

tontination  of  the  dura.  mAier  and  arachnoid  is  conducted  according  to 
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the  general  plan  already  laid  down.    Very  small  pieces  are  remov^g^ 
carefully  torn  up  with  needles,  moistened  with  water,  and  covered  iwi^ 
thin  glass.    The  gritty  particles  (brain  sand)  in  the  pineal  body,  am/ 
those  which  are  not  unfrequently  met  with  in  other  parts  of  the  brau^ 
and  the  HassalPs  corpuscles,  or  corpora  amylacea,  may  be  separated  foui 
the  brain  substance  by  washing  in  a  glass  of  water,  in  which  they  vHI 
sink  to  the  bottom  ;  the  supernatant  fluid  may  then  be  poured  off,  and 
replaced  by  fresh  water.    After  this  process  has  been  repeated  a  few 
times,  the  bodies  in  question  will  become  quite  clean.    They  may  then 
be  examined  in  water,  tested  with  appropriate  reagents,  and  preserved ' 
in  aqueous  fluid,  or  dried  and  mounted  in  Canada  balsam. 

The  vessels  of  the  brain  may  be  readily  examined  if  the  white  car 
grey  cerebral  matter  be  first  removed  by  washing  a  thin  section  with 
water.  The  addition  of  a  little  very  dilute  caustic  soda  renders  the  outline 
more  distinct.  The  most  beautiful  specimens  of  the  vessels  of  the  pii 
mater,  may  be  obtained  by  injecting  the  artery  first  with  an  ammoniacal 
solution  of  carmine,  p.  125,  and  then  with  the  Prussian  blue  fluid.  For 
the  details  of  the  process,  the  reader  is  referred  to  part  VI. 

The  investigation  of  the  anatomy  of  the  central  organs  of  the 
nervous  system  is  perhaps  the  most  difficult  which  the  student  can 
undertake,  and  it  is  not  easy  to  lay  down  principles  for  his  guidance. 
Very  much  yet  remains  to  be  discovered  with  reference  to  the  chemical 
solutions  adapted  to  render  the  anatomical  elements  of  these  tissues 
distinct.  There  can  be  no  doubt  that  modes  of  investigation  will  at 
length  be  found  out  which  will  enable  us  to  demonstrate  satisfactorily 
the  exact  relation  to  one  another  of  the  delicate  structures  which  make 
the  nervous  system,  the  mode  of  their  formation,  and  the  precise  way 
in  which  they  attained  the  positions  they  severally  hold. 

If  a  portion  of  white  cerebral  matter  be  treated  with  water,  the 
nerve  fibres  soon  become  changed  in  character,  apparently  in  conse- 
quence of  the  partial  separation  of  the  oily  from  the  albuminous  consti- 
tuents which  are  contained  within  the  tubular  sheath.  The  oily  matter 
forms  distmct  and  separate  globules,  often  of  considerable  size,  or  it 
tends  to  collect  in  quantity  in  different  parts  of  the  fibre,  which  pro- 
duces a  beaded  appearance.  A  similar  change  takes  place  in  nerve 
fibres  generally,  if  they  are  not  examined  very  recently,  or  if  they  have 
been  soaked  for  a  short  time  in  water.  In  figs,  3,  5,  pi.  XXXVI, 
p.  150,  some  of  these  changes  are  represented. 

Of  the  Tissues  and  Organs  of  the  Lower  Animals. 

For  the  most  part  the  tissues  of  the  lower  animals  may  be  examined 
according  to  the  principles  which  have  been  laid  down  for  the  demon- 
stration of  the  minute  anatomy  of  the  various  structures  of  the  higher 
forms  of  life.    The  student  will,  however,  meet  with  greater  variety  ot 
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textitrr,  and  in  not  n  few  instances  our  knowledge  of  higher  structures 

may  be  sreailj'  advanced  by  the  canrful  study  of  the  corresponding 

[tissues  in  crcutuies  low  tn  the  scale.     There  arc  many  textures  which 

[are  tadced  peculiai  to  the  lower  aniniaJs  which  do  not  appear  to  ha^'e 

[any   onalvj^ue^   among   the  higher,   but    which    Devcrtbeless  are  well 

deserving  of  the  cirvful  Allcntion  of  the  microacopist. 

Id  researches  upon  the  changes  occurring  during  the  dei'elopment  of 

fact4  laay  be  asccriainod  in  connection  with  the  phenomena  of  the 

period^  of  cmljryonic  life  which  cannot  so  cAsily  be  inade  out  in 

ivcstigatiuns  upon  man  and  among  the  higher  vcrtebrata.     The  most 

ite  tissues  maybe  studied  in  specimens  which  have  been  properly 

in  strong  glycerine:     Although  it  Ls  generally  stated  that  very 

ispaxent  delicate  tisisues  ought  not  to  be  immersed  in  this  medium, 

is  a.  IJict  that  even  infusoria  may  be  mounted  in  glycerine,  and  |K>iots 

their  structure  demonstrated,  which  are  not  visible  when  they  arc 

srkcd  in  water.     It  is,  of  course,  necettary  to  use  weak  gljxcrine 

and  gnidiully  increase  the  strength  as  fully  described  in  part  VI. 

S4-a.    Of    Preparing    Uie    Tikauea   of   IubccIb   for   9lirraB<r*p(nU   Ex* 

ISO. — Many  of  the  smaller  insects  may  be  mounted  entire  as  dry 

Jecta,  but  the  hard  external  covering  of  the  body  and  limbs  in  many 

ibos  of  this  class  is  better  displayed  if  freed  from  the  soft  parts  and 

red  in  Canada  balsam.     The  soft  tissues  of  small  flies,  beeUes,  and 

icr  insects  may  be  entirely  removed  by  the  action  of  Uquor  potass?: 

rbicfa  they  are  perfectly  soluble.    The  hard  textures  are  at  the  same 

softened,  but  not  dissolvcil  by  lliis  reagent.     Allcr  verj'  careful 

in  dbitilled  water  the  entire  insect,  or  parts  of  it,  may  be  dried 

the  position  they  aie  intended  to  take  up  permanently.    But  the 

ttcr  plan  is  to  well  wash  the  specimen  in  water,  transfer  it  to  alcohol, 

id  at  last  to  stroi^  alcohol,  then  moisten  it  with  turpentine  or  oil  of 

tdoveo,  and  mount  it  in  a  solution  of  Canada  balsam.    The  chlorofbmi 

'tie  bcnuil  solution,   p.   55.  may  be  employed  with  advantage,    i-or 

taonr    full    deiatli>  of  the   operation   the   reader  may   be   retcned    tu 

>Mz<  Hiomas  Uavies'  little  book  on  "The  Preparation  and  Mounting 

'oi*  MiOXHcopic  Objects,"  p.  6&.     One  uf  the  most  beautifully  mounted 

ob}eciA  of  tlic  kind  thJt  I  ever  saw  was  a  jicdiculus  |ircscrved  m  balsam 

and  put  up  by  the  late  Mr.  Topping  for  Mr.  Howcrbank  more  than 

I  tvpcnty-five  years  ago.     In  this  specimen  the  nervous  system  and  the 

I  nerves  and  muscles  of  the  legs,  antennic,  &c.,  could  be  well  seen,  and 

the  ganglia  in  the  head  with  the  nerves  10  the  eyes  and  parts  alK>ut  ihe 

mouth  were  beautifully  distinct     Mr.  Uowerbank  traced  nerves  to  the 

mdindual  bristles  and  hairs  of  the  animal.    The  results  of  his  careful 

obseivatioQs  upon  the  specimen  were  published  in  a  special  memoir 

**On   the  brain  and  s  |H>rtion  of  the  nervous  system  of  Pediculus 

Caftitia.*"  — London,  1873- 
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7^e  £gg  CaptHla  of  insects  exhibit  very  i>cculiar  markings 
their  surfaces  which  vary  in  every  species.     Even  in  tho&e  wl 
closely  allied  the  greatest  diffcrcOLe  often  exists.       Insecu'  ova 
reiircsentcd  in  pi.  XLI,  fig.  5.     The  eggs  majr  be  examined  as  opac; 
objects  according  to  the  methods  described   in  p.  85,  or  very  rh 
vertical  and  horizontal  sections  may  be  made  and  mounted  in  An 
or  in  Canada  balsam.     Upon  one  surfece  of  the  eggs  of  many  insec 
and  ver)'  dearly  in  some  of  the  lepidopiera,  an  orifice  surrounded  wi" 
beautiful  markings  may  be  discerned.     Tliis  is  the  micropyle. 

34&.  The  MeBiM  and  Hnlrn  from  many  inxct'ts  and  Crustacea 
well  worthy  of  attentive  exaiui nation.    The  scales  from  the  ivings 
various  butterflies  and  moths  exiiibit  beautiful  markings.    They  shoa. 
be  examined  in  a  dry  state  and  also  mounted  in  balsam.     A  sen- 
should  be  carefully  mounted  in,  precisely  the  same  manner  for  tc 
parison.     The  student  will  find  that  the  scales  of  diflTcrcnt  parts  of 
body  exhibit  peculiarities  of  sinicturc  and  surface  marks.    The 
of  no  two  species  are  exactly  alike. 

The  markings  upon  many  of  these  scales  are  so  delicate  as  to  sen' 
for  testing  the  defining  jiowors  of  the  highest  ami  most  [wrrfect  objc 
glasses.     Some  of  the  most  elaborate  are  obuined  from  the 
a  little  hopping  insect,  common  enough  in  some  localities  in  and  ahon 
old  dry  wood.     In  order  to  catch  the  podurx,  a  little  oatmeal  may 
placed  on  black  paper  and  left  some  hours.     It  may  Uicn  be  trans- 
ferred to  a  large  clean  basin,  out  of  which  the  creatures  cannot  Icapkl 
Their  smIm  may  be  mounted  dry,  in  fluid,  or  in  balsam.    Broken  scale*! 
ofren  afford  instructive  preparations  for  examination  with  high  poi 
The  ruader  is  ])articularly  recommended  to  study  the  appearance 
the  small  scales  of  the  podura  when  illuminated  on  a  dark  ground 
tiic  aid  of  Dr.  Edmunds'  |>araboloid  illuminator,  p.  28. 

l«a.  Trackeie,  or  air-tubes  which  arc  characteristic  of  the  class 

insects  may  be  demonstrated  very  readily.     If  the  inside  of  a  comm< 

"Vtgot,  caterpillar,  or  Hy  be  removed  and  covered  with  thin  gl 

•tus  exceedingly  fine  dark  lines  will  be  seen  ramifying  alii 

n-c,  and  forming  networks.     These  are  the  Iracheie,  and  thi 

jjearance  is  due  to  their  containing  air  which  refracts  the  lighl 

jrently  from  the  other  tissues  and  fluids  by  which  it  is  suiroundw 

.plaoaiion  has  been  already  given  in  the  case  of  air-bubblcs  oB 

\  ia  that  of  the  lacuna:  and  canalicuti  of  bone  in  p^  90.     Bu| 

mode  of  examining  tlie  trachex,  the  student  learns  nothini 

1  elaborate  structure  and  wonderful  arrangement  of  ih< 

»mc  of  llje  larger  ones  b«  dried  and  then  moistened  vriil 

Canada  balsant,  it  will  be  found  that  a  spiral  tlircad 

I  around  every  one  of  the  lubes,  by  which  arrannemcnt  iheyl 

■  so  that  air  may  circulate  freely  through  them,  and 
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pcnch  the  uliimatc  constituents  of  all  the  textures  of  the  body, 
"he  minure  siniciure  of  trachea:,  and  the  arrangement  of  the  nerves 
rhich  often  accompany  ihem,  is  best  studied  in  specuneos  preserved  in 
[lyccrine. 

The  tracheae  all  Ojwn  upon  the  surface  of  the  body,  by  orifices 
ipirada,  easily  found  in  the  common  citfrpillar,  as  they  form 
tow  cm  each  side  of  the  body.     Every  spiracle  is  guarded  by  a  comb- 
te  arranaemcnt  of  firm  chitinousorhomy  tissue  which  prevents  foreign 
lidos  fn>m  i^tssing  into  the  irarhcae,  while  like  a  sieve  it  permits  the 
ingress  and  egress  of  air.    The  student  should  mount  a  scries  of 
:im*n5  of  spiracles  fi^m  different  insects. 

X4V.  ■raacbue  af  naiiuMs. — The  textures  of  vhich  this  form  of 

ling  apparatus  is  composed  may  be  demonstrated  according  to  the 

iciplrs  already  laid  down  in  the  sections  upon  tlic  study  of  the 

dure  of  ilie  tissues  and  organs  of  the  higher  animaU.    The  arrange- 

it  of  the  vessels  may  be  displayed  by  injection,  p.  io«.    The  method 

dtcmonstiadng  the  circulation  of  the  blood  in  these  oi^ans  is  referred 

in  p.  192.     In  many  young  moUusIts  tlie  branchia;  are  very  beauti- 

The  action  of  the  cilia  with  which  Che  vessels  are  clothed  is 

torcl  to  in  p.  193. 

9-ftB.  Mtcroseofiic  iihciu  form  hcautiful  objects  for  investigation ; 

vj  may  l»e  mounted  as  dry  objects,  and  examined  by  low  powers. 

I^ie  rmooins  of  the  animal  organisms  may  be  removed  by  lx)iling  for  a 

seconds  in  a  weak  solution  of  potash  or  carbonate  of  potash.    The 

eOs  must  then  of  course  be  thoroughly  washed  in  successive  portions 

dtsulled  water. 

The  sbcUs  of  foramlntfera,  many  of  which  are  to  be  found  upon  our 
sea  weeds,  may  be  prepared  in  the  same  way.    This  class  of 
ibms  has  recently  been  very  carefully  investigated  by  Dr.  Carpenter, 
memoirs  in  the  "  Philosophical  Transactions "  are  worthy  of 
lemtivc  study.     See  also  "The  Microscope  and  hs  Revelations"  by 
sjino  author. 

s«*.  apaBff««  are  \'ery  interesting  object  for  study,  but  not  a  few 

them  arc  difhcult  to  in^'estigatc.     Fully  formed  Kpungcs  consist  of 

Ofssntc  matters  with  muliitudes  of  active  living  particles  arranged 

a  skeleton  which   sometimes  is   hard  and  homy  in  textiue, 

...    \f^  fpccies  calcareous,  bat  in  most  cases  siliceous  forming 

t>f  the  most  diffcrejil  and  peculiar  shapes.    The  general  form  of 

sponge,  the  arrangement  of  the  skeleton,  the   character  of    the 

lie  matter,  the  rate  of  its  growth,  and  the  dimensions  ultimately 

by  it  differ  greatly  in  the  various  species. 

Recent  sponges  nuy  be  examined  in  t  he  living  slate,  and  some  of  the 

waicT  5pcdes  (spongilla)  are  beautiful  objects.   The  late  Mr.  Bower- 

sptftu  many  years  of  his  life  in  the  study  of  sjKinges,  and  cot\- 
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tributed  during  the  past  twenty-five  years  several  valuable  memoirs  to 
the  Transactions  of  the  Royal,  Linnean,  and  Microscopical  Societies. 
Shortly  before  his  death  Mr.  Bowerbank  sent  me  some  drawings  Irom 
his  monograph  which  he  was  then  preparing  for  the  Ray  Society.  Some 
of  these  have  been  beautifully  engraved  by  Miss  FowelL  See  plates 
XLII,  XLIII,  XLIV,  XLV.  The  following  directions  were  at  the  same 
time  forwarded  for  insertion  in  this  edition  of  my  book : — 

"  The  mode  of  preparing  portions  of  sponges,  either  as  microioopi- 
cal  objects  or  to  ascertain  their  genus  and  species,  is  as  follows :  ^liio 
sections  of  the  dried  specimens  should  be  taken  at  right  ang^  to  die 
dermal  surface  and  immersed  in  distilled  water  in  shallow  cells,  from 
which  the  water  should  after  awhile  be  drained  off  and  the  slice  allowed 
to  dry  and  to  adhere  to  the  glass.  When  perfectly  dry  they  may  be 
mounted  in  the  usual  way  in  rather  thin  Canada  balsam,  and  the  air 
entangled  in  the  tissue  extracted  by  an  air-pump  before  the  thin  glass  ii 
put  on.  Thin  slices  from  the  dermal  surface  may  also  be  mounted  in  & 
simitar  manner,  and  such  specimens  frequently  exhibit  beautiiut  reti- 
culated structures.  Spicula  are  best  separated  from  sponges  by  boiling 
them  in  a  test-tube  with  nitric  acid  until  the  sponge  tissue  breaks  ajL 
Some  distilled  water  may  then  be  added,  and  the  spicula  allowed  to 
subside,  when  nearly  all  the  fluid  may  be  very  carefully  poured  oS,  moce 
distilled  water  being  added  so  that  the  sediment  may  be  thoroughtf 
washed.  Lastly,  the  water  is  to  be  again  drained  off,  and  after  ha^ii^ 
been  allowed  to  dry  the  spicula  may  be  mounted  in  balsam."  Set  also 
p.  179. 

Of  Demonstrating  the  Tissues  of  Plants. 

SKO.  Examlnatloii  of  Vegetable  Tliaucs. — The  examinarion  of  v^e- 
table  tissues  is  conducted  upon  the  same  general  principles  as  that  of 
animal  textures.  The  observer  must  take  exceedingly  small  pieces  for 
examination,  and  he  will  And  great  advantage  if  he  dissects  the  buds  (tf 
plants  and  selects  some  of  the  very  young  leaves  just  beginning  to  be 
formed.  Where  the  tissue  is  very  soft  the  dissection  may  be  carried  on 
with  the  aid  of  needles,  the  specimen  being  placed  in  a  drop  of  fluid 
upon  a  glass  slide.  Thin  sections  in  various  directions  may  be  easily 
made  with  a  sharp  thin  knife,  and  the  shavings  thus  obtained  examined 
in  water  or  other  fluids.  The  method  of  cutting  thin  sections  of  woods 
has  been  already  referred  to  in  p.  99. 

The  spiral  vessels  of  plants  can  in  many  instances  be  obtained  by 
boiling  the  stem  or  leaves  of  a  plant  in  water,  pL  XLVI,  fig.  5,  p.  172. 
Those  of  rhubarb  are  very  large,  and  may  be  selected  for  examination. 
Spiral  vessels  may  be  obtained  from  cooked  friiit  or  v^etables,  and 
beautiful  specimens  may  often  be  found  in  janL  The  spiral  vessels  in 
leaves  may  be  beautifully  shown  by  allowing  some  coloured  fluid  to 
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enter  them.  U  the  stalk  of  a  living  leaf  be  placed  in  the  fluid  and 
evajiocuioD  from  the  surfnrc  of  the  leaf  be  encouraged  by  exposure  in 
a  wann  place,  the  fluid  will  en;cr  the  vessels.  If  carmine  iliud,  p.  t7$, 
be  U}«d,  the  bioplasm  of  the  cells  near  the  vessels  will  be  stained  at 
the  same  time  tJutt  the  tubes  are  injected. 

The  cellular  tissues  o(  plants  (curtain  leaves,  dowers,  &uits}  are 
•oflencd  and  at  length  destroyed  by  weak  nitric  and  hydrochloric  acid 
(one  part  of  acid  to  from  twenty  to  fifty  of  water),  while  llie  fibrous  and 
vascular  textures  remain  behind.  In  this  way  "  skeleton  "  specimens  of 
ifae  leaf,  flower,  calyic,  or  fruit  may  be  prepared. 

Almost  all  vegetable  tissues  arc  most  easily  investigated  when  they 
have  been  preser^'ed  for  some  time  in  viscid  media,  which  are  roiscible 
Id  all  proporttons  with  initer  Leaves  and  stems  when  well  saturated 
with  syrup  or  glycerine  arccasily  &c|KiratL-d  into  their  comjrancnt  tissues. 
They  must  first  be  placed  in  very  dilute  solutions,  which  may  be  con- 
centrated by  gradual  evajwration,  or  the  strength  of  the  solution  may 
be  increased  by  ihe  addition  of  small  quantities  of  strong  5)'rup  or 
^ycerine  from  day  lo  day.  The  beautiful  tenures  to  be  dcmonstiated 
ID  jama  and  preserved  fruits  have  been  alluded  to  in  p.  83. 

Very  hard  vegetable  textures,  such  as  the  shell  of  the  cocoanut, 
Wtolnut,  &c.  may  be  cut  into  thin  sections,  according  to  the  plan  des- 
cribed in  p.  98. 

/Wim  graifu  are  among  the  most  interesting  objects.  They  are 
cs&ily  procured  by  sliaking  the  anther  of  any  Sower  fully  expended 
upon  a  gloss  slide,  and  may  be  mounted  dry,  p.  H6,  in  aqueous  fluids, 
p.  87,  or  m  Canada  baLsam,  p.  8Jt. 

Tiki  txtfrnal  markiitgi  of  tht  seeds  of  plans  are  wel!  worthy  of  atten- 
tive examination.  The  student  may  examine  ihc  seeds  without  any 
pfeparaiion  whatever,  as  dry  objects,  p.  26,  by  reflected  light.  Many 
seeds  may  be  at  once  recognised,  and  the  species  of  plant  to  which 
ihey  belong  determined  iiy  the  markings  on  the  testa  alone. 

jy^  siarth  globules  enclosed  in  the  ceiU  of  many  seeds  and  some 
rhizomes  exhibit  great  variety  in  form,  size,  and  structure.  Different 
kinds  of  starch  should  be  submitted  to  examination,  and  every  student 
should  be  familiar  with  the  microscopical  characters  of  wheat,  rice,  and 
potato  starch,  arrowroot,  and  Indian  corn,  pL  XLVI,  p.  171,  figs,  i,  2,3,4. 

Tht  etiJaurittg  ntatttn  of  leaves  and  llowers  are  contained  in  cells, 
and  are  formed  by  the  bioplasm  of  each  cell.  Even  in  petals  of  different 
plants,  of  precisely  the  same  colour,  difftrrcnt  kinds  of  colouring  matter 
have  been  detected  by  Mr.  Sorby.  Ste  "Spectrum  Microscopii:  Analysis," 
in  part  I^*,  p.  269.  The  {petals  of  many  flowers  may  be  preserved  without 
difficuhy,  as  they  retain  their  characters  when  dried.  They  should, 
bowever,  be  covered  with  thin  glass  to  protect  them  from  the  dust 

It  the  student  desires  to  study  the  manner  in  which  the  colouring 
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matter  is  formed  within  the  celt,  he  must  examine  recent'  specimens  in 
glycerine,  according  to  the  principles  bid  down  in  part  V(. 

Mieroscopical  Examination  ef  I.ichetis. — ^The  following  directions  are 
pven  by  the  Rev.  W.  A.  Leighion  in  his  elaborate  work  "  The  Lichen 
Horn  of  Great  Briuiin,  Ireland,  and  the  Channel  Islands : " — "  The  suc- 
cessful study  of  lichens  ts  not  really  so  difficult  as  persons  imagine  if 
only  they  will  bring  to  the  work  careful  painstaking  obsei^'ations,  delicate 
manipulation  in  dissection,  and  a  naicroscope  with  a  good  objecl-glaw 
of  J-inch  focus.  The  mode  of  examination  which  may  be  adopted  is 
this: — moisten  tlie  apotliccium  with  water,  then  applying  a  watchmaker** 
lens  to  the  eye,  make  with  a  sharp  surgeon's  knife  or  scalpel  a  very 
thin  vertical  section  throngh  the  centre  of  the  apothecium.  Place  this 
on  the  lower  glass  of  a  compressorium,  p.  91,  pi.  XXV,  figs,  3,  4,  in  s 
drop  of  hydrate  of  potash  (liiguor  potassx)  which  assists  in  loosening 
the  cohesion  of  the  parts,  and  swells  the  spores  to  their  proper  shape, 
bring  down  the  upper  glass  of  the  compressor  with  slight  pressure,  aod 
place  the  whole  under  the  microscope,  increasing  the  pressure  by  turn^ 
ing  gradually  the  screw  of  the  compressor  as  may  be  necessary.  A 
is  thus  obtained  of  the  asci,  spores,  paraphyses,  structure,  and  colour^ 
ihe  hypothecium,  &c.,  &c."  On  the  structure  and  examination 
mosses,  consult  "The  Sphagnaceae  or  Peat-Mosses  of  Europe 
Nonh  America,"  by  Or.  Braithwaiie. 

vsi.  The  vr)-ii«iH  or  Baitbidci  found  in  many  vegetable  tissaes  < 
welt  worthy  of  attentive  study,  lliey  differ  in  composition  and  form'; 
different  plants,  and  it  is  possible  to  recognise  some  species  by 
character  of  the  ci>'stal5  alone.  In  the  bulb  scales  of  the  common 
(fig-  »5).  in  the  leaves  of  the  hyacinth,  and  many  allied  plants,  crystab 
may  be  detected.  Raphidcs  are  met  with  in  only  three  orders  of  Bntish 
dicotyledons ;  BahaminMfcr,  Onap-acter  (fift  7),  and  Rubiacea:  (Gulli%Tr), 
but  they  are  commonly  found  in  many  monocotyledons.  In  trans%'cRc 
sections  of  the  thick  leaves  of  the  India-rubber  plant  are  collections  of 
small  cr)-sials  in  large  globules  (crystoUihs)  in  special  cells. 

Professor  Gulliver  has  paid  great  attention  to  tlie  examination  of 

p1ant-cr)-stals,  and  to  him  I  am  indebted  for  the  remarks  in  the  present 

section  upon  this  interesting  and  important  subject,  as  well  as  for  the 

beautiful  drawings  from  which  the  engravings  in  plates  XLVII    and 

XI, VIII  have  been  copied.     Professor  Gulliver  well  remarks  that  "it 

would  not  be  easy  to  over-estimate  the  beauty  and  importance  of  plani- 

ciysuljs,  or  to   explain  why  they   have  hitherto  been   the  subject  of 

wo  little   sittentioii  and  so  much   error  in  books  of  systematic   and 

physiological  botany  and  micrography.    These  crystals  would  affotri 

endless     employment    for  those    interested  in   microscopic  work    at 

^^  seasons  of  the  year,  and  arc  highly  important  anatomically  and 

econoniictdly.     They  are  very  easily  preserved,  and  may  be  obtained 

fronj  parts  of  plants  ever  at  hand.    The  prismatic  fortns  are  admiraUty 
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suited  for  experiments  on  the  polarization  of  light."  The  treatment  of 
this  subject  on  the  present  occasion  must  be  brief;  it  is  drawn  from  the 
extensive  researches  of  Professor  Gulliver,  which  are  cited  in  the  Royal 
Society's  "  Catalogue  of  Scientific  Papers,"  and  have  been  since  extended 
in  the  "  Monthly  Microscopical  Journal,"  Dec,  1873  and  1874,  and 
Sept.,  1877.  An  examination  of  plates  XLVII,  XLVill,  from  drawings 
made  by  him  specially  for  this  edition  of  my  book,  will  afford  good 
views  of  the  chief  forms  of  the  crystals,  which  are  as  follows : — 

"  I.  Raphides.     Figs.    1-8,  pi.  XLVII.— Smooth,  needle-like,  with 
long  rounded  shafts  tapering  to  points  at  the  ends,  devoid  of  angles,  and 
occmrring  loosely  together  in  bundles  of  about  a  score  or  more,  com- 
monly within  a  cell.    Excellent  examples  occur  in  the  orders  Balsam- 
inaceae,  Onagracese  (fig.  7),Rubiaceae,  Mesembryaceae,  Dioscoreacese  (figs. 
1  and  2),  Orchidaceas,  Vitaceae,  Lemnacese  (fig.  4),  Araceae  (fig.  6),  &c.; 
and  in  the  genera  Urginea,  Omithogalum  (fig.  3),  Hyacinthus,  Aspa- 
ragus, Hydrangea,  &c.     Raphides  afford  such  valuable  characters  that 
they  must  be  sooner  or  later  adopted  in  systematic  botany,  especially  as 
they  are  often  more  fijndamental  and  universal  in  the  species  than  any 
other  single  diagnostic.     Thus,  in  the  British  flora,  Onagracese  may  be 
very  truly  and  simply  defined  as  Calycifloral  Exogens  in  which  Raphides 
abound  ;  and  in  like  manner  still  confining  ourselves  to  British  plants^ 
the  definition  is  good  for  the  orders  Balsaminacese  and  Rubiacese. 

"IL  Sphaeraphides.    Figs.  9-17,  pi.  XLVII. — Globated  forms  made 
up   of  minute  crystals  or  granules,  and  either  smoothish,  granular, 
rougher,    or  stellate  from  projecting  crystalline   tips  on  the  surface; 
sometimes  in  cells  forming  an  external  skeleton  of  network  or  tissue 
like  mosaic  (figs.  16  and  17),  occasionally  suspended  by  a  pedicel  within 
a  cell  (fig.  12).     Examples  occur  in  numberless  plants,  such  as  Celas- 
traceae,  Mercurialis  (fig.   11),  Passiflora,  Viburnum  lantana,  Rhubarb, 
UrtJcacese  (figs.  9,  10,  and  12),  Aralia  (fig.  16),  Veratrum  (fig.  17),  &c. 
"  III.  Long  Crystal  Prisms.    Figs.  19-25,  pis.  XLVII  and  XLVIII. 
— Acicular  forms  with  angular  shafts  and  tips,  never  occurring  loosely 
in  bundles,  but  either  singly  or  two  or  more  fused  together,  and  for  the 
most  part  firmly  seated  in  the  plant-tissue.     Examples  are  regular  in 
Quillaja  (fig.  13),  Guaiacum  bark.  Sweet  Orris,  and  other  Iridacese,  bulb- 
scales  of  the  onion  family  (fig.  25),  in  the  ovary-coat  of  the  Thistle  (figs. 
a  2  and  23),  and  several  other  allied  Compositae  (fig.  24),  &c. 

"IV.  ^un-t  Prismatic  Crystals.  Figs.  26-41,  pi.  XLVIII.— Cubical, 
or  long  and  short  squares,  polyhedrons,  rhombs,  and  many  indefinite 
forms,  though  generally  more  or  less  prismatic,  occasionally  not  at  all  so, 
or  mere  crystalline  granules ;  occurring  mostly  in  distinct  cells,  either 
spread  in  a  tissue  in  the  testa  and  other  parts,  or  arranged  in  chains 
along  the  fibro-vascular  bundles  so  as  to  form  an  internal  crystalline 
skeleton  of  the  plant    Examples  :  testa  of  the  Elm  (fig.  26),  and  of 
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Anagallis,  calyx,  &c.,  of  Gcmnium  (figs.  37-39],  various  parts  of  Liliacex* 
Araentiferre  (fig.  38),  I..<^raino5a  (figs.  31-37).  Well  seen  in  the  leaves 
of  Dutch  Ciovcr,  &c 

"The  chemical  conipositicn  of  pbnt-crystals  has  been  but  IitUe= 
investigated.      'Hie  late   Or.  John  Davy  and  ]>r.   Houglas   Maclaga:^ 
('Ann.  NaL  Hist.,'  June,  1S64),  found  that  soifle  Raphides  and  lon^^ 
crystal  prisms  consist  chiefly  of  oxalate  of  lime,  and  others  of  phosphate 
of  lime,  in  tmth  r.iscs  (w^casionally  with  a  little  magnesia.     In  the  hoj^  t 
and  other  Urticaccjc,  Mr.  Gulliver  finds  in  (he  stem  and  leaves  Mrt» 
forms  of  Sphacmphides,  one  of  oxslate  and  the  other  of  carbonate  of~ 
lime  (sie  fij^a.  g  ami  to).    The  use  of  ilic  fore-naraed  calcareous  salts  ia 
the  food  of  animals,  from  low  in verte braces  to  high  vertebrates,  and  as 
manure  in  the  fonn  of  humus  to  plants,  is  Db\'iQUS ;  and  hence  we  sec 
somewhat  of  the  importance  of  these  crystals  in  animal  ])hysiology,  and 
in  the  philosophy  of  agriculture  and  gardening,  and  how  nitionally  the 
microscope  may  be   employed  in  the  investigation  of  objects  which 
nature   has  so  lavishly  provided  for  our  pleasure  and   profiL    The 
taxonomic  value  of  Raphides  has  already  been  mentioned ;  and  these 
.ind  other  rrj'stals  often  afford  good  tests  of  the  genuinetiL-ss  of  vi^etablc 
drugs,  and  even  a.  guide  to  their  true  botanical  atltnitie&     Had  ihc 
classificatory  significance  of  them  been  known,  the  jalap  of  our  Phorma- 
copccia,  which  belongs  tc  the  cx-raphidian  order  Coovoivulacese,  could  not 
have  been  so  long  and  erroneously  regarded  as  belonging  to  a  species  of 
Mirabilis  in  which,  as  in  other  NyclaginaccfC,  Raphides  arcabundanL 

"  The  ciystals  are  easily  examined,  either  in  thin  sections  of  the 
plant  or  in  fragments  of  it  mashed  to  a  pulp  in  water  on  the  object-plaie. 
BoiUng  the  leaf  or  other  pan  in  a  solution  of  caustic  potass  exposes 
the  crystals  and  their  cells  most  clearly.  They  make  beautiful  slides. 
Mr.  W.  H.  Hammond,  l>y  staining  and  other  means  fully  described  in 
'Science  Gossip,'  June,  1878,  has  formed  an  extensive  and  admirable 
collection  of  such  slides,  most  of  which  have  been  exhibited  and 
explained  at  the  meetings  of  the  Cantcrliury  Natural  Histor)'  Society." 

S8».  Of  rr»i«*r»IrtK  Vfs****!*!*  liaauva  p«r«niinmll)r. — Vegetable 
tissues  m-iy  be  preserved  according  to  the  plans  already  given  for  anima] 
tissues.  Syrup  and  glycerine  arc  excellent  presen-niivc  media.  The 
bioplasm  of  vegetable  libsues  may  be  stained  with  carmine,  and  the  course 
of  vessels  and  tubes  may  be  demonstrated  if  fille<l  with  coloured  fluids 
which  they  will  imbibe  by  capillary  attraction,  especially  if  evaporation 
be  promoted  from  the  leaves. 

Seaweeds  which  arc  to  Iw  preserved  permanently  should  be  allowed 
to  soak  for  some  time  in  pure  water.  Small  pieces  may  then  be  removed 
and  tmnsferred  to  (;lycenne.  Some  of  the  most  beautiful  vegetable 
pa-parations  which  1  liave  seen  have  been  mounted  in  glycerine.  'ITw 
mixtures  of  gelatine  and  glycerine,  and  gum  and  glycerine  will  also  be 
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Ibund  good  media  Tor  mounting  manv  vegetable  fitnictun's.  and  chloride 
of  calcium  forms  a  useful  presenaiive  fluid  in  many  instances.  Creosote 
fluid,  carbolic  acid  water,  very  diluti:  spirit  and  mter,  and  even  simple  dis- 
tiUcd  water  will  prest:rre  some  vcgtrlabli:  tissues  for  a  great  length  of  tiroa 
The  piih  of  the  stem  of  vurious  plnnts,  Ihe  epidermis,  and  many  other 
vegetable  tissues,  m;iy  be  preserved  as  dry  objects  very  satisfactorily. 

StS.  Of  CallMilnit  and  M«uniltiit  DlMtnnt*.^ — In  collecting  diatoms 
■nd  other  organisms  from  pools,  (be  pocket  microscope  descril^d  in 
p.  17,  will  Ik  found  vcT)*  useful.  Aliiilcofthe  sediment  suspected  to 
contain  them  may  be  placed  in  the  animalcule  co^  and  examined  by 
the  side  of  the  pool.  One  of  the  hapd  microscopes,  p.  17,  or  the  waist- 
coat pocket  microscope,  described  in  p.  30,  will  be  foimd  a  most  valuable 
instrument  for  work  of  the  kind.  ]x>w  [lowers  should  be  adapted. 
Every  microscope  used  for  this  purpose  should  permit  the  object  to  be 
moved  aboot,  at  least  a  three-eighths  of  an  inch  in  evety  direction.  The 
difficulties  of  cflTccting  ihiiare  nol  jjrcat.   On  collecting  dialoms.J'^  p.  176. 

The  siliceous  remains  of  the  diatomacca:  may  be  separated  from 
gaam  and  other  deposits  as  follows : — The  organic  matter  and  carbo- 
nate and  phosphate  of  lime  may  be  removed  by  boiling  in  nitric  acid, 
and  the  remaining  deposit  diffused  through  water  and  collected  as 
before  descril)cd,  but  I  much  prefer  to  tlestroy  the  organic  matter  by 
buziung  the  deposit  in  a  platinum  basin,  and  allowing  it  to  remain  for 
some  hours  at  a  red  beat  until  the  black  carbonaceous  matter  has  burnt 
oft,  leaving  a  pure  white  ash.  llie  phosphates  and  carbonates  may  be 
removed  with  dilute  nitric  arid,  and  the  de|)osit  washed.  In  this  way 
the  shells  are  not  so  liable  to  be  broken  as  they  are  when  the  deposit  is 
boiled  for  some  time  in  strong  acid. 

Siliceous  shells  of  certain  diatoms  arc  represented  in  pi.  LI  1 1,  p.  »04, 
fig*-  '.  »i  3i  5-  There  is  much  difference  of  opinion  as  to  the  cause  of 
the  markings  in  m^iny  of  these.  Tlic  skeletons  of  diatoms  in  Bermuda 
earth  and  other  deposits  of  a  Uke  kind  may  be  obtained  by  boiling  the 
powder  for  a  short  time  in  a  weak  solution  of  potash  and  then  washing  in 
successive  portions  of  distilled  water  according  to  the  plan  described  in 

p.  400L 

I  or  OOLUCTINC,  KEEFING  ALIVE,  A>:D  EXAMIXING  THE  LOWER  ANIMALS 
AKD   PLANTS   IN  THE   LIVING  STATE. 

SS'I.  Of  coltrrttMc  and  DrrdyinK. — To  those  fond  of  natural  his- 
tory, few  things  axe  more  delightful  than  a  ramble  over  the  beach  at  low 
watct  for  tlic  purjMse  of  collccling,  Sea  dredging  adds  nut  a  little  to 
the  chanos  of  boating,  and  by  the  aid  of  the  dredge  many  interesting 
crdtureji  may  be  caught,  which  never  advance  as  high  as  tow  water 
mark.    The  apparatus  required  is  described  further  on. 

There  are,  however,  many  organisms  which  inhabit  shallow  salt  water 
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pools,  of  great  interest  to  the  observer,  and  these  may  be  obtained  at 
low  tide  without  going  out  to  sea.  The  apparatus  required  for  taking 
these  is  very  simple  and  equally  adapted  for  fresh  water  trapping.  The 
following  appliances  were  arranged  some  years  ago  by  Mr.  Higbley. 
Nothing  can  be  more  suitable  for  the  purpose  or  more  ingeniously 
designed.  I  therefore  recommend  the  observer  to  provide  himself  with 
the  following  simple  pieces  of  apparatus,  which  may  be  obtained  of 
many  of  the  naturalists  or  made  at  home 

A  walking  stick  with  a  telescope  joint,  pL  XLIX,  p.  176,  fig.  i,  so 
that  its  length  may  be  doubled  when  required,  for  the  purpose  of  reach- 
ing far  out  into  ponds  or  deep  down  between  rocks,  ditches,  or  river 
banks.  To  the  end  of  this  stick  may  be  screwed  a  wide-mouihed  bottle, 
which  is  introduced  into  the  water  mouth  downwards,  after  the  manner 
of  a  diving-bell,  and  only  turned  upwards  when  near  the  desired  object, 
and  in  such  a  way  that  it  may  be  carried  into  the  bottle  as  the  water 
rushes  in.  The  bottle  should  then  be  carefully  brought  to  the  surface. 
Such  objects  as  are  desired  should  be  selected  and  removed  by  aid  of  a 
pocket  pipette,  fig.  i,  and  transferred  to  the  tubes  hereafter  described. 

The  pipette  consists  of  a  glass  tube  drawn  out  to  a  point  and 
cemented  into  a  German  silver  tube,  which  is  fitted  with  a  cap,  after  the 
manner  of  a  pen  case,  so  as  to  protect  the  glass.     Larger  objects,  such 
as  water  insects,  young  newts,  &c.j  should  be  caught  by  means  of  a 
small  folding  net,  which   also    screws  into  the  stick.     Tough  weeds 
required  for  study,  or  which  are  covered  with  animal  or  vegetable 
organisms  and  parasites,  should  be  cut  away  by  means  of  a  weed  knifi^ 
fig.  I,  pi.  XLIX.  This  consists  of  two  knife-edged  blades,  hinged  to  form 
a  V-shaped  tool,  and  is  likewise  adapted  to  the  naturalist's  walking  sticL 
When  it  is  desirable  to  obtain  mud,  shells,  or  other  objects  out  of  the 
reach   of  the  walking   stick,  the  mieroscopisfs  dredge  may  be  advu> 
tageously  employed.     This  is  made  after  the  manner  of  the  larger  raic^ 
described  further  on,  and  figured  in  pL  L,  p.  182,  fig.  4.     The  dredge    , 
is  attached  to  one  end  of  a  length  of  stout  whipcord,  the  other  eDd   i 
being  formed  into  a  loop  which  is  passed  over  the  collector's  foot    The 
intermediate  length  of  string  is  carefully  laid  on  the  ground,  coil  upon 
coil,  and  the  dredge  is  then  thrown  far  into  the  water,  and  drawn  over 
the  bottom  of  the  pond  as  it  is  dragged  to  shore. 

Certain  Desmids,  Diatoms,  and  other  objects  which  float  upon  the 
surface  of  water,  are  best  secured  by  means  of  a  skimming  spoon^  fig.  i, 
pl.  XLIX.  All  these  appliances  may  be  packed  into  a  little  pocket 
case  measuring  7  by  2^  by  \\  inches.  A  companion  collecting  case  to 
this,  contains  six  corked  tubes  and  a  pair  of  forceps.  All  objects  of  a 
similar  kind  should  be  selected  by  means  of  the  pipette  afler  each  haul, 
and  placed  together  in  one  tube,  especial  care  being  taken  that  no 
larvsB,  likely  to  devour  the  specimens,  be  accidentally  placed  among 
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To  provide  against  collecting  too  many  of  the  same  species,  it 

as  well  to  examine  pottions  token  from  questionable  hauls  by  means 

a  lens  (watch  maker's  loup,  or  a  pocket  folding  lens),  or  if  higher 

lifying  powei  is  oecessary.  the  microscope,  fig.  3,  pi.  XLIX,  or  the 

listcoat  pocket  microscope,  pL  IX,  fig.  7,  p.  ig.    The  inconvenience  of 

ilding  the  head  upwards  to  the  light  in  using  the  lens  may  be  avoided 

pbdni;  the  object  00  a  reflecting  prism,  as  suggested  by  Mr.  Becker. 

lis  idea,  was  further  carried  out  by  ftCr,  Highley  in  the  rtftecfinj^  live 

I  fig-  4.  pk  XLTX,  which  consists  of  a  plate  of  brass  having  an  aper- 

into  which  a  piece  of  thin  glass  is  cemented,  fitting  by  spring  sides 

10  a  rectangular  ])risni.  so  as  to  permit  varying  degrees  of  pressure 

an  object,  or  drop  of  water  placed  between  the  two  glass  surfaces. 

top  surface  of  the  prism  being  held  horizontally,  or  nearly  so,  li^t 

projected  from  the  reflecting  plane  of  the  prism  through  the  object  to 

eye.     For  thii  purpose  a  form  of  lens  giving  a  larger  field  of  view 

relation  to  the  magnifying  power  than  the  ordinary  Coddington  lens 

to  be  employed.    An  excellent  microscope  for  this  purpose  has 

recently  de^-ised  by  Mr.  John  Browning  of  the  Strand.    The  im- 

its  already  described  are  also  employed  for  shore  collecting;  but 

the  puipose  of  removing  objects  attached  to  locks,  or  the  sides  or 

lums  of  rock  basins,  a  flat-fsced  geologist's  trimming  hammer  and  a 

'  t*/j// should  be  added. 

For  sea  collecting,  the  surface  ttet,  the  draghcek,  and  the  liredgf  are 

The  tuiface  «</  is  a  double  conical  bag  made  of  "  cheese  net," 

"  banring,"  stretched  on  a  cane  hoop,  and  supported  by  three  pieces  of 

brought  together  at  the  point  at  which  the  towing  cord  is  attached. 

inner  cone  Ls  more  obtuse  and  shorter  than  the  outer,  and  prevents 

ejects  once  caught  from  being  washed  out  again.    At  the  bottom  of  the 

is  fixed  a  glass  bottle,  andabung  is  attached  about  afoot  above  it,  to 

It  it  from  sinking  100  deei>,  pi.  XLIX,  fig.  C.     Mr.  Higbley  advises 

corks  should  be  so  placed  at  the  mouth  of  the  hoop  as  to  insure 

net  beii^  only  half  immersed.     The  hoop  being  jiullcd  into  an  oval 

a  wide  mouth  is  presented  to  the  waves.    The  net  is  lowed  aslcm 

at  the  side  in  such  a  way  as  to  be  dear  of  the  boat's  or  ship's  wake, 

id  the  length  of  line  is  regulated  to  the  stmin  created  by  the  speed  of 

%-csscL    On  drawing  up  the  net,  the  bottle  is  thrust  up  through  the 

1e  in  the  inner  cone,  and  its  contents  emptied  into  a  bottle  of  similar 

with  a  saew  cap,  of  which  some  dozen  should  be  kept  in  a  tray. 

yf  intercsring  forms  of  Crustacea,  acalepba:,  &c.,  can  be  secured  by 

means  upon  any  part  of  our  coast,  and  without  going  far  to  sea. 

7ne  Dragh»0k,  fig.  5,  pL  XLIX,  p.  176,  consists  of  tiirec  groups  of 

tout  iron  books  welded  to  a  horizontal  bar  having  an  eye  in  the  middle, 

which  a  stout  rope  may  be  fixed.     1'his  is  let  down  among  the  roots 

fronds  of  the  coarse  seaweed,  on  which  many  microscopic  animal 
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and  vegetalilc  forms  are  parasitic,  and  when  well  entangled  the 
forcibly  hauled  up  with  the  captured  specimens. 

Tht  Natitraiiif s  Dredge,  %.  6,  pi.  I^  p.    iSj.  however,  is  the 
ment  which  reaps  the  richest  har\-est  from  the  s«x    It  is  mada] 
wrooght-iron  rectangular  frame,  from  which  two  snafiers  project 
angle,  ot\  each  side,  »nd  to  which  two  handles,  lenninaiing  witl 
links  of  chain,  are  hinged  to  each  end  so  as  to  allow  some  frcedc 
motion,  while  not  interfering  with  the  dredge  being  easily  packed 
small  space.  To  tliis  frame  a  fine  meshed  tanned  net  U  fixed  by  cop 
wire,  and  to  prevent  this  from  being  caught,  when  dmgging  over  a  roo 
sea  bottom,  it  is  guarded  by  two  flaps  of  coarse  sail-cloth  which 
cither  bide.     The  mouih  is  made  narrow  to  prevent  lieavy  stonesj 
cnleriog.    A  rope  is  rciiuired  which  is  strong  enough  to  am 
vessel  in  smooth  water,  and  long  enough  to  prevent  the  dredge  i 
ming  or  bum|)ir^  oi-er  the  bottom,  yet  not  so  long  as  to  lead  to  itsl 
buried  in  soft  s-ind  or  mud.     The  length  of  the  rope  should  he  al 
double  the  depth  of  the  water  to  be  dredged.    The  rope  shoul. 
firmly  tied  te  ene  ring  enfy,  arwJ  the  ring  of  the  other  handle 
braced  to  its  fellow  by  a  piece  of  spun  yarn,  so  ihnt  in  the  event 
dredge  fouling,  by  putting  extra  way  on  to  the  boat  ihe  string  wil 
and  allow  the  two  handles  to  open,  and  thus  the  dredge  will  csM^ 
itself.     On  lowering  the  dredge,  it  is  evident  that  it  is  .1  matter  < 
ference  which  side  rests  on  the  ground,  and  in  this  lies  the  ndv: 
the  apparatus  referred  to  over  the  common  dre<^     It  may  be  vsfA\ 
A.  rowing  Imat  in  smooth  shallow  water  near  shore,  but  a  !i.iiling 
preferable  in  depths  over  ten  fathoms.     'I'he  towii^  rope  Ls  coiled 
the  bottom  of  the  boat,  and  its  free  end  is  made  fast  to  one  of  the  I 
4eat8.    The  dredge  is  thrown  over  to  windward  near  the  stem, 
when  sufficient  line  has  nin  out  a  tnm  or  two  is  made  round  a  "  I 
ing-pin"  to  make  it  taut.    The  line  should  be  hdd  in  the 
that  the  owner  can  feel  at  once  if  anything  goes  wrong. 

When  the  dredge  is  hfled,  its  contents  should  be  emptied 
sorting  iray.  fig.  5,  pi.  1.,  p.  183.   This  consists  of  a  coaisc  wire  fdcre' 
which  retains  all  large  specimens,  stones.  Sec,  but  allows 
delicate  ones  to  pass  into  a  perforated  xirK  sieve  F,  which  rclai 
objects  over  ^-Jnch  diameter,  but  allows  the  sand  or  miid  to  l»e 
into  the  lower  tray  which  is  furnished  with  a  double  bottom 
^ne  webbing  stretched  on  a  frame.    The  wnter  ptntrcd  over  the 
to  fariliiaic  this  operation  ts  carried  off  by  a  flexible  luhc.    T>tew  tnf 
should  be  so  arranged  that  they  will  easily  pack  one  into  the  01 
smallest  of  them  being  of  sufficient  5t2e  to  hold  the  dredge,  dingj 
and  surface  net.     The  outer  tray  being  provided  wiih  a  lid  aiKl 
forms  a  packing  ca*e  for  the  outfit-     Convenient  forms  of 
microscopes  with  indinabh;  body,  &c.,  suited  for  dredging  ex( 
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for  a  Kbotv-coUecting  sei-sidc  expcdidon  have  been  described  in 
17,  ai, 

Niitts  for  ivUti-ting  ttrtain  Sfifdm^s  of  Marine  Naturai History.— 
late  Mr.  J.  S.  Bowerbank  had  the  following  notes  printed  for  the 
itsunce  of  those  on  foreign  ittatioiis  disposed  to  lielji  in  obtaining 
imcns.     Captains  and  otlier  Officers  in  Her  Majesty's  Na^y  and 
[CoBuiunders  of  merchant  vesscb  have  frequent  op|>ortunitics  of  contii- 
lar^cly  to  otir  knowledge  of  marine  natural  history,  with  very 
I  trouble  to  themselves,  during  their  sojourn  in  distant  pans  of  the 
Many  valuable  opportunities  of  obtaining  rare  and  bcaudfol 
n  hare  been  lost  for  want  of  a  few  plain,  simple  directions  for 
ixai  and  preservation. 

'ijMo^*  may  be  procured  cither  by  dredging  or  by  searching  for 
I  in  ihc  line  of  refuse  matters  thrown  up  by  the  sea  at  high-water 
Those  which  have  the  Seshy  animal  matter  in  them  are  the 
Inloahlc.    They  should  be  well  and  quickly  dried  just  as  they 
tftoratbesea.    Tltey  should  never  t>e  n'ashcd  in  fresh  water  nor 
to  get  rid  of  the  ivaler  or  animal  matter  wilhin  them, 
be  limply  dniined  and  dried  as  rapidly  as  possible.     Small  and 
tones  only  require  being  preserved  in  spirit.     If  the  larni^er  and 
r-^tecimens  luve  stones  or  dead  shells  attached  to  ihcm  do  not 
'  ihem.     The  in»des  and  out-sidcs  of  dead  shells  and  small  peb- 
loAen  have  on  them  thin  sponges,  like  a  dab  of  wet  glue,  such  spcci- 
.  ue  very  desirable.     Sponges  differ  to  a  %'cry  great  eilont  in  their 
appearance,    some   are   sofl,  ilcxible  and    liranching ;   others 
hand  horay;  or  raas£ive  and  fleshy;  or  massive  and  stony  and 
^IkeconUs;  others  ore  roimd  or  fleshy  masses  like  small  apples, 
fikaftTi-w  may  be  their  form  they  arc  all  valuable  as  objecus  of 
history.    They  vary  greatly  in  size  and  appearance,  some  of 
not  exceeding  a  quarter  of  an  inch  in  heighL    Many  of  the 
Dcraod  most  interesting  species  arc  found  parasitical  on  small  sea- 
and  on  homy  branching  zoo|>hyle»,  such  specimens  should  be 
oidLltjr  collected  and  preserved. 

■■  The  best  mode  of  packing  sponges  when  thus  dried  is  to  put  them 
aDtOptfaer  in  a  modemte  sized  i^iacking  cisc,  disponing  of  tlie  smaller 
tninasl  delicate  ones  between  the  brger  species.  The  best  packing. 
«bn  pnxurablc,  is  small  and  flexible  dried  seaweed  just  as  it  is 
|iiR|Bently  found  in  the  line  of  rejected  matters  at  high-water  mark. 
'  Soch  fud  frequently  prove  to  be  valuable  and  beautiful  objects  when 
-Tilly  properly  [jrtpared  and  mounted  for  the  hortmi  siccus. 
.1  delicate  specimens  should  never  he  packed  in  cotton  wool, 
at  li  necessary  they  should  be  put  into  small  boxes,  with  a  little  soft 
'  arrHind  them  to  prevent  attrition. 
•*  A  boat's  crcir  waiting  for  an  officer  on  shore  may  frcquenlly  imJuc 
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an  e](tensi^'e  and  valuable  coUectioQ  of  sponges,  zoophytes  tt 
from  the  lejected  matters  at  high-water  mark,  in  a  very  shoii  a 
especially  so,  if  in  small  crt-cks  or  bays.  ^ 

"  Radiata. — Star-fishes  and  sea  urchins  with  rcry  beautiful 
may  be  frequently  found  among  sponges  and  zoophytes.  Tl 
mode  of  preserving  the  star-fishes,  if  they  be  large  and  flesh) 
sprciid  them  out  on  a  plate  or  saucer  turned  upside  down.  Th 
being  put  in  a  small  napkin  or  doth  which  is  gathered  loosely  I 
ibove  the  specimen  is  plunged  gently  into  a  vessel  of  boilin 
water  and  kept  therein  for  four  or  five  nitnutes  to  coaguti 
albumen.  Aflur  tliis  operation  everything  wilt  dry  readily  and  t 
With  smaller  specimens  inimersioQ  in  boiling  water  from  one 
minutes  in  accordance  with  their  size  will  be  sufficient.  1 
urchins  with  spines  should  be  prepared  by  immersion  in  boilii 
for  a  time  in  proportion  to  their  size  and  then  dried  is  rapidly 
siblc.  A  few  cxpcrimcnL'i  with  them  will  soon  afford  the  n 
experience.  The  mud  or  sand  brought  up  by  the  anchor  or  bj 
ing  should  be  put,  just  as  it  comes  up,  into  any  convenient  boti 
some  sea  water.  A  sufierahundance  of  common  salt  should  I 
added  to  it.  Such  mud  or  sand  frequently  contains  rare  aa 
minute  corals,  sponges  and  shells,  of  great  value  to  micif 
observers.  When  convenient  the  reefe  of  rocks  uncovered  at  lo4 
should  be  examined.  In  the  liltle  pools  of  water  sm.tll  cotf 
sponges  of  various  colours  are  very  frequently  found.  These 
carefully  removed  and  preserved  as  before  stated.  Sea  slugs 
soft  marine  animals  arc  also  found  in  such  places.  They  ma 
served  in  jars  or  bottles  in  a  little  water  and  a  superabundani 
when  spirit  is  not  handy  or  plentiful.  The  faces  of  perpendi 
and  rocky  caverns  often  afford  excellent  specimens  between  hii 
low  water  marks,  and  rare  and  beautiful  calcareous  sponge  pai 
on  small  sea  weeds  growing  oo  the  faces  of  the  rocks  are  ofte) 
met  with  in  large  quantities  in  such  situations  ;  but  whether  beau 
not  all  such  specimens  should  be  preserved,  as  it  frequently  occu 
the  least  attractive  arc  organically  the  most  interesting  and  v| 
Sraall  crabs  and  shrimps  should  be  put  into  wide- mouthed  be) 
jars  with  strong  spirit,  as  salt  does  not  preserve  tliem  cffecttiallyi 

To  these  remarks  uf  Mr.  Boweibank  I  would  add  that  m: 
bodies  alluded  to  may  be  preserved  in  glycerine,  the  streog' 
fluid  being  very  gradually  increased  as  the  specimens  will  bear 
process  is  howc%'er  very  troublesome  and  suittd  only  to 
specimens,  but  for  these  it  pos&csscs  great  advantages  over  sfj 
the  methods  of  preservation  usually  adopted. 

The  collector  should  examine  stagnant  pools,  ponds,  ri' 
ground,  rork  pools  and  basins  on  the  sea  shore,  carefully  se 
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de&  and  bottoms,  the  fronds  of  plants,  or  pieces  of  wood  floatiag 
Ktciii,  Toi  (gelatinous  or  spongy  masses,  or  paJpable  forms  of  vegetable 
Ruinul  lil'c,  not  forgetting  to  examine  with  a  lens  all  scum  Soating  un 
Ik  surlice  of  water,  to  see  if  U  consist  of,  or  has  entan>;1ed  in  it  objects 
inrth  preservab'on.  FiUmcntous  DcsmicliK,  if  diffused  through  the 
lottT.  must  Ik  rollected  by  aid  of  the  gauze  net  When  gelaiJDOUs  or 
cbuilf  masses  ore  adherent  to  the  fronds  of  water  plants,  the  hand 
■kiolil  be  passed  gently  into  the  water,  palm  upwards  to  form  a  cup, 
sritkefiiigerB  closed  on  each  side  of  an  invested  leaf  or  stem ;  the 
hud  ^ould  then  he  drawn  upwards,  so  as  to  allow  the  plant  to  slip 
jl^nagh  (be  fingers  close  tu  the  palm  witli  an  easy  c([uali1c  motion,  and 
[■  lliii  ray  Tcmove  from  both  surfaces  any  loosely  attaclied  organism's. 
'CireouM  be  taken  to  raise  the  hand  very  steadily  through  the  water, 
a  onkr  tliat  the  capti^'cs  may  not  be  washed  out  of  the  concave  palm. 
,Tlje  liter  may  then  be  jwured  into  a  cup  or  at  once  transferred  to  a 
bonle  imd  carried  away. 

Wmh  resting  in  the  indentations  made  by  the  feet  of  cattle  should 
BOl  ocipe  notice.  The  side  of  a  pond  towards  wliich  the  wind  is 
'tfavtng  is  always  the  more  prolific,  csi>ccially  if  the  sun  is  shining  on 
'Ac Bine  &ide,  and  the  shallows  are  usually  richer  in  spoil  tlian  the 
Jrcp  pbces,  because  these  are  warmer. 

■Bk  collector  who  intends  to  \vork  thoroughly  and  for  a  considerable 
H|  IMy  use  with  advantage  waterproof  wading  boots.  He  may  follow 
DCia  out  as  it  recedes  at  the  low  spring  tides,  when  the  greatest 
■DOOK  of  shore  is  left  uncovered.  The  months  of  March  and  April, 
Stylmbcr  and  October  having  the  lowest  tides  in  the  year  are  the  best 
ftrtlK  purpose  of  shore  collecting.  Those  parts  of  the  coast  should 
htsiected  which  are  not  uniformly  formed  of  hard  granitic  rock  and 
lAicii  are  tiot  composed  of  mud  or  soft  chalk.  Shores  where  ledges^ 
tmioes,  rode  pools,  and  hxsiniv,  heaps  of  i/e'his,  and  outlying  caverns 
iRUbc  found  in  abundance,  should  be  itclcciod.  Holes  in  the  sand 
itekl  be  searched  for  case  building  worms  or  boring  mollusks.  Large 
bt  or  marine  animals  left  stranded  by  the  recess  of  Uie  tide  may  be 
amJDed  for  parasitic  Crustacea,  which  arc  very  oAen  found  adhering 
tothegil!<over8  of  fish.  The  masses  of  olive  seaweeds  covcrmg  the 
Ncbibmild  be  turned  over,  or  when  pendant  from  overhanging  slabs, 
they  ihould  be  turned  back,  as  they  often  shield  such  forms  as  attach 
diBDidves  to  toe  surface  of  rocks: — stat^shes, ascidians,  nudibranchs. 
tgp  of  mollusks,  tu1)c  forming  .Annelids,  Sponges,  &c  Crevices  should 
temnbed  for  crustacea,  starfishes,  echini,  wandering  annelids ;  water- 
■QTD  mxJuIcs  for  investing  social  ascidians,  such  as  the  Botryllidx,  or 
:nollu>ks,  such  as  chitons.  I.oosc  stones  and  large  boulders 
turned  over,  as  many  crustaceans  and  .innclids  take  refuge 
m.     Large  tufts  of  corallina  and  other  seaweeds  should  be 
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gathered  from  ihc  edges  of  pools  near  low  water,  and  placed  in  a  ^ir 
of  water  aa  ihcy  harijour  various  small  Rntomostraca,  Pycnogoiiid*. 
Luccmario,  and  many  zoophytes.  Ouisiuiding  rocks  only  uncovered  ol 
the  lowest  spring  tides,  and  then  usually  only  approachable  by  boat, 
should  be  visited  in  the  ho[>e  of  finding  the  only  Biiti&h  representatiret 
of  the  stony  corals.  Beyond  such  points,  the  .sea  boitoni  musi  lie 
nujsacked  by  means  of  dredge  and  draghook. 

95a.  Vlraria  tat*  AQuarim. — Many  of  the  lower  animals  and  plants 
may  be  kept  living  in  glass  cases  and  gUiss  jars,  atKl  will  grow  aad 
multiply,  figs.  I,  2,  3,  pi.  I-,  p.  182,  Frogs,  newts,  lizards,  many  tiuA- 
lusks,  insects  and  worms,  air-breathing  and  aquatic,  will  live  for  a  length 
of  time  in  confmcment,  and  some  of  them  will  flourish. 

Vivaria  are  now  made  uf  various  forms  and  sizes.     Some  are  litdc 
boxes  of  only  a  few  inches  square  while  some  are  magnificent  pri&oni  of 
several  feet  in  length  provided  with  ever)'thing  for  tlie  health  and  ad- 
vantage of  the  inmates.     Tlic  stu'-lent  may  easily  make  such  cages  of 
glass,  Ihc  pieces  being  joined  at  the  angles  by  tape  fixed  to  the  gUss 
with  glue,  for  himself,  for  a  few  shillings,  and  in  them  may  keep  a  numba 
of  objects  of  interest  which  will  pro\-idc  him  with  endless  amusemeil 
and  constant  work.     Vivaria  of  all  kinds  must  be  well  ventilated.    Ow 
side,  or  a  part  of  each  side,  may  be  formed  of  perforated  zinc  or  of 
strong  gauze.     If  ilw  student  desires  he  may  arrange  to  have  *. 
one  part  of  his  case.     He  may  easily  arrange  a  small  founL.: 
ada^rting  a  piece  of  glass  tube  drawn  out  in  the  blowpipe  flame  to  4 
piece  of  the  narrowest  vulcanised  india-rubber  tube,  the  other  end  d( 
which  is  connected  ivith  a  small  reservoir  of  water  pUccd  on  a  shcK 
Sach  founuins  may  now  be  purchased  for  a  small  sum  in  the  Ci)'^ 
Palace,  Westminster  Aquarium,  and  other  ])laces. 

Cases  for  breeding  insects  and  keeping  them  alive  may  no*  be 
obtained  of  many  naturalists,  and  also  at  the  Westminster  Aquariuni 
Frogs,  loads,  and  newts  may  be  kept  in  glass  cases  to  the  interior  ot 
whicli  air  has  access  through  wire  gauze.     At  the  lower  part  shonU 
be  some  water  which  may  be  placed  in  a  saucer  or  basin  with  : 
stdes.     This  may  be  made  ornamental  and  adapted  for  plants  if  '. 
The  beautiful  little  hyla:  or  green  tree  frogs  may  be  kept  in  v,-. 
lated  glass  cases  for  years,  if  they  are  not  roasted  in  the  sunimci 
frozen  in  the  winter.     They  must  be  fed  upon  flics  and  .ire  [ar:. 
fond  of  blue-bottles.     Geulles  may  be  bought  in  quantity  at  the  6ihi^ 
tackle  shops  and  ntay  be  kept  until  the  flies  come  forth. 

Fresh  water  aquaria  may  readily  be  formed  by  inverting  pro{)agaiiBg 

bell  glasses  caicfully  selected  as  to  shape,  in  a  tunurd  wooden  uand  tH 

in  snull  dishes  whit  h  have  l)ccn  fAVai  w'^^  «atlh  or  sand.     The  bottool 

■  the  U.'11-gI.iss  should  be  fi  WeA  W\\i\  noAAcneA  rich  bUr.k  peat  earth, 

ritcii  into   a  paste,  some      \oam  wA  ttowa  aAAcA,  Ute  wbo\c 
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covered  with  a  thick  layer  of  fine  well-washed  shingle.  Roots  of  vallis- 
neria,  anacharis,  Aponogeton,  or  Chara  may  be  then  planted  in  the 
earth  and  the  vessel  carefully  filled  up  with  water.  After  the  water  first 
introduced  has  become  quite  clear,  a  few  fresh-water  mollusks  should  be 
added  to  keep  down  the  growth  of  confervas.  Those  species  which 
feed  rather  upon  decayed  vegetable  matter  than  upon  the  plants  them- 
selves should  be  selected,  such  for  instance  as  Flanorbis  comeus  or 
carinatus,  Paludina  vi^-ipara,  or  Amphibia  glutinosa.  When  the  water 
has  cleared  and  the  plants  are  in  good  condition,  which  may  be  known 
by  their  givmg  off  bubbles  of  oxygen  gas,  fish,  water  insects,  &c,  may 
be  introduced.  A  plant  or  two  of  the  floating  "  Frogbit "  is  useful  for 
giraig  support  to  such  species  as  come  occasionally  to  the  surface. 
Besides  Chara,  VaJlisneria  spiralis,  and  Anacharis  alsinastnim,  there  are 
■  many  other  water  plants.  Perhaps  the  most  beautiful  is  the  Apono- 
geton  dystachion  which  comes  from  the  Cape,  but  is  now  cultivated  in 
this  country  and  throws  up  its  fragrant  flowers  from  time  to  time 
diuing  the  greater  part  of  the  year  if  the  plant  is  strong  and  vigorous. 
The  plants  usually  supplied  to  purchasers  are  too  small  and  weak  to 
grow,  but  if  the  student  can  get  a  good  strong  piece  he  will  most  likely 
socceed  in  growing  it,  even  in  London. 

In  the  case  of  both  fresh  water  and  marine  aquaria  it  must  be  borne 
in  mind  that  a  proper  amount  of  light  is  required,  and  this  ought  to  be 
admitted  from  above  as  well  as  on  one  side  of  the  vessel.  If  there  is 
Dot  light  enough,  the  plants  droop  and  do  not  give  off  air  bubbles, 
irhile  if  there  is  too  much  light  there  will  be  a  more  abundant  growth 
of  conferva;  upon  the  sides  of  the  vessel  than  the  scavenger  mollusks 
can  keep  under.  It  must  also  be  borne  in  mind  that  animals  must  be 
kepi  in  what  has  been  called  "amicable  groups,"  or  wholesale  destruc- 
tion Aill  ensue. 

Minnows,  sticklebacks,  and  eels,  are  the  fish  best  suited  for  fresh- 
water aquaria,  but  of  course  must  not  be  kept  in  such  as  are  used  for 
wstching  the  various  stages  of  development  of  other  animals.  Small 
eels  live  well,  and  the  student  will  be  interested  in  watching  the  pulsa- 
tions of  the  venous  heart  in  the  tail  of  these  animals.  Most  fresh-water 
and  marine  animals,  as  well  as  the  aquaria  and  glass  cases  for  growing 
purposes,  may  be  obtained  of  Mr.  King,  naturalist,  Portland  Road. 
Fern  and  plant  cases  may  be  easily  made  or  purchased  of  Barr  and 
Sugden,  King  Street,  Covent  Garden,  and  other  horticulturists. 

Marine  aquaria  require  more  attention  in  their  construction  than 
those  for  fresh  water.  A  marine  aquarium,  capable  of  holding  from 
five  to  ten  gallons,  is  a  convenient  size  and  will  succeed  well.  The 
bottom  and  sides  should  be  of  slate,  the  back  and  front  only  being  of 
^  cemented  into  grooves  made  in  the  slate,  not  simply  abutting 
against  a  shoulder  and  cemented,  or  a  continual  leakage  may  occur. 
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I  bairc,  however,  made  large  aquaria  hy  fitting  pUtc-gliLss  into  im 
iron  frame  made  of  tolerably  strong  angle  iron  brazed  together  al  tbe 
comers.  The  joints  were  made  with  the  aid  of  the  lime  and  Indt^. 
rubber  cement,  p.  58.  In  this  the  glass  was  finnly  bedded,  and  tlitn  a 
mixture  of  white  and  red  lead  was  forced  into  ihe  space  lemaining;, 
together  with  some  Jine  tow  or  cotton  wool,  a  little  more  white  andiMi! 
lead  being  applied  to  make  a  smooth  even  edge.  The  whole  vrx4  thcK 
left  thrt-e  or  four  weeks  in  order  chat  the  cement  might  become  fina. 

Tlic  aquarium  should  be  covered  with  a  glass  lop  fitted  to  a  beutiikj 
of  perforated  zinc  to  admit  air  and  keep  out  dusL  The  form  dioul* 
be  such  a<>  to  allow  n  large  area  of  surface  to  be  in  contact  with  the  li 
in  proportion  to  the  bulk  of  water.  Rock  work  should  be  built  ttp  m 
the  back  so  as  to  cut  off  an  unnecessary  amount  of  Ughl,  and  shodillii 
arranged  in  such  a  way  as  to  present  tiers  of  resting  plaors  foi  te 
animals.  The  basis  may  be  formed  of  coke,  which  is  advantageous  cp 
account  of  its  lightness,  but  this  i.s  to  lie  faced  with  Oakes  of  graiui* 
limestone,  and  sand  rock,  put  tt^ether  with  hydraulic  cement  Uni 
must  be  allowc<l  for  the  cement  to  harden,  and  water  should  be  pome 
in  and  changed  several  times  in  order  to  n-move  any  soluble  toatleci 
It  is,  however,  better  not  to  use  cement  at  all. 

The  tank  so  far  prepared  should  in  any  r^se  he  first  filled  with  frcs 
water  to  remove  all  soluble  matters  from  the  cement  and  rockworl 
After  resting  for  a  day  or  two,  the  water  most  be  drawn  off  with  ■ 
India-rubber  tube  used  as  a  syphon,  and  the  tioitom  covered  with  wdl 
washed  shingle.  The  tank  may  tlien  be  filled  up  with  sea  water, « 
artiftcial  sea  water  may  be  made  with  Tidman's  sea.  salt  in  the  propoitic 
of  about  one  pound  to  three  gallons  of  water,  the  exact  propottiin 
being  determined  by  aid  of  a  hydrometer,  which  should  stand  at  i*oci 
Should  the  water  be  loo  salt  the  stem  will  rise  till  perhaps  1*030  oft! 
scale  appears  above  the  level  of  the  water,  in  which  case  more  corattw 
water  must  be  slowly  stirred  in.  If,  on  the  Other  hand,  there  is  CI 
sufficient  salt,  the  stem  will  sink  towards  1*020,  and  more  salt  must  1 
added  till  the  hydrometer  register!  the  proper  specific  gnuitj*  of  natnl 
sea  water.  As  evaporation  causes  the  water  to  become  concentrated^ 
should  from  time  to  time  be  tested  with  the  hydrometer  and  the  neoi 
sary  amount  of  water  added.  The  next  step  is  to  get  the  rockw: 
covered  with  the  spores  of  seaweeds,  by  placing  several  small  heall 
tufts  of  Ulva,  or  Knterom<irph3  in  %'arious  parts  of  the  tank,  where  th 
are  fully  exposed  to  light  In  a  short  lime  minute  vegetable  grown 
will  make  their  appearance.  The  growth  on  ihc  front  glass  laast 
removed  as  fast  as  it  is  formed  by  a  sponge  tied  to  a  slick.  After  t" 
growth  has  a^^ared  ilie  tufU  of  weed  may  be  removed.  The  anoii 
of  light  admitted  to  the  tank  must  now  be  carefully  attended  to,  M' 
just  to  cau»e  the  e\'olution  of  bubbles  of  oxygen,  without  stimulari 
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the  vcgeUiion  to  an  over-abundant  growth  which  would  cloud  the  water. 
Animals  may  next  be  introduced  slowly  and  not  in  loo  great  numbers, 
the  loircst  in  organisation  hut,  the  higher  fornis  when  the  tznk  is 
eiiiieiiily  working  well,  the  living  forms  first  introduced  appearirtg 
:ind  the  water  clear  and  sparkling,  tt  is  well  occasionally,  if 
>,  10  remove  a  portion  of  the  water  into  a  glass  vessel  and  allow 
iltD  return  W  the  tank  Ihroufih  a  fine  jet,  by  which  means  the  water  is 
[in^ca  up  into  spray  and  air  taken  up.  It  is  a  good  plan  to  use  a  gloss 
jjririgc  and  forcibly  squirt  water  upon  the  surface,  by  which  operation 
tmay  air-bubbles  tnay  be  forced  down  to  the  bottom  of  the  unk. 
There  are  various  ways  of  effecting  this  important  process  of  aeration 
rf  Ac  water. 

From  the  "  Athenxum"  for  March  10th,  i860,  the  following  extract 
Iran  3  communication  by  Mr.  Highley  has  been  takca  The  very 
tt>n«tn>ont  arrangement  described  will  be  found  well  suited  for  a  micro- 
Kopist  who  is  making  a  temporary  visit  to  the  coast : — 

"  [  may  mention  a  pUn  I  have  employed  witli  great  sucr ess  when 
nuking  temporary-  visits  to  the  coa«t,  which  will  be  found  very  convenient 
toliuM  who  wish  to  classify  the  animal  forms  obtained  for  observation. 
I  tdc  a  nest  of  German  beakers  (without  spouts)  and  pack  them  in  a 
mccaae:  on  my  arrival,  I  fill  them  with  fresh  sea  water,  and  place 
ilicm  in  a  sonny  window ;  I  then  collect  a  number  of  limpets  on  whose 
didli  cnieromorpha  and  ulva  are  growing.  These  will  be  found  to  be 
flbiD  but  vigorous  plants.  I  remove  the  animals  from  tlie  shells,  and 
then  drop  one  or  more  .ilga  bearing  shells  into  each  beaker  according  to 
itieic;  in  a  short  time  tlie  sides  of  the  jars,  especially  the  sides  turned 
ttwanl*  die  light  become  coaled  wiili  spores ;  the  sides  turned  from  the 
T^t  I  keep  dean  with  a  chiselshaped  piece  of  wood  and  a  knob  of 
ifongi,  so  that  whilst  one  half  of  each  jar  is  covered  with  a  green 
wygen  yielding  coat,  the  other  Iialf  is  free  for  observing  the  animals 
iatBuy  now  be  placed  in  the  beakers.  Behind  this  protecting  coal, 
nd  a]gz  will  he  found  to  thrh-e.  In  this  way  a  number  of  aquaria  may 
I«»pecdily  prov-ided  for  our  collections  that  will  keep  healthy  for  months, 
*ith  i  little  atlcnliork 

"After  the  sides  are  properly  covered  with  spores,  the  seaweeds 
ihoulil  be  removed  and  the  jars  placed  on  a  table  at  such  a  distance 
ftom  iitt  window  that  the  light  impinges  only  on  the  coated  half,  taking 
ore.  bwwcrer,  that  there  is  sufficient  to  stimulate  the  spores  to  throw  off 
bidibls  of  oxygen  daily.  If  on  leaving  a  place  I  wish  to  take  any 
spcdncns  away  with  mc,  I  pack  these  beakers  containing  them  in  a 
Wugli  box,  of  a  size  suited  10  the  number  selected,  with  seaweed  between 
^  interstices  and  at  the  latest  moment  tic  bladder  over  eacli  jar,  which 
1  itinovc  at  the  earliest  opportunity  after  arriving  at  my  destination." 

Pnmis,  6sb,  aciinix,  &c,  may  be  fed  on  shreds  of  beef.    The  beef 
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may  be  cut  in  thin  slices  and  dried.  Small  pieces  should  be  broken  ofl 
as  required,  macerated  in  sea  water  for  a  few  minutes,  and  when  soh 
given  to  the  animals.  All  dead  plants  and  animals,  slime,  and  efiet* 
matter  of  any  kind  should  be  removed  by  means  of  a  pair  of  long  boc 
wood  forceps  or  with  the  help  of  a  small  saucer,  as  soon  as  noticed 
With  a  moderate  amount  of  attention,  a  marine  aquarium  may  be  kqa 
for  years  (ten  or  more)  without  changing  tlie  water.  Microscopes  ar 
specially  constructed  by  Mr.  Swift,  Mr.  King  of  the  Portland  Roafi 
and  Mr.  Collins,  for  observing  animals  while  living  in  aquaria.  See^C 
The  most  useful  books  to  the  microscopist  visiting  the  coast,  will  \m 
found  in  the  list  at  the  end  of  the  volume. 

Examination  of  Lower  Animals  and  Plants  during  Life. 

Many  of  the  lower  animals  and  plants  may  be  examined  in  tla 
living  state,  the  peculiar  actions  characteristic  of  the  living  state  may  b 
studied,  and  numerous  highly  interesting  and  important  facts  democ 
strated.  The  student  will  find  many  of  the  smaller  insects,  moc 
especially  the  aquatic  larvje,  as  for  example,  those  of  the  common  gna_ 
well  adapted  for  this  purpose.  Small  crustaceans,  as  the  daphne  aa. 
some  of  the  fresh  water  shrimps,  are  exceedingly  interesting  objects,  an. 
are  easily  subjected  to  examination  in  the  living  state  in  the  animalcul 
cage,  p.  76,  or  under  a  compressorium,  p.  96. 

Examination  of  Lnfusoria,  &'C. — Suppose   the  student   desires  t 
submit  some  of  the  animalcules  in  water  to  microscopical  examinatioi 
he  may  proceed  as  follows.     A  drop  of  the  water  is  to  be  remove 
with  a  pipette,  or  upon  a  glass  rod,  or  with  the  finger,  and  placed  upa 
the  glass  slide.     A  bristle  or  thin  piece  of  paper  is  placed  in  such 
l>osition  as  to  prevent  the  thin  glass  from  coming  into  contact  with  th 
slide  and  thus  causing  undue  pressure  ;  or  the  drop  may  be  placed  in 
Brunswick  black,  or  thin  glass  cell ;  or  the  animalcule  cage  alreac 
described,  pi.  XXII,  p.  78,  fig.  7,  may  be  used  with  advantage.     By  tt 
latter  instrument,  and  also  by  the  compressorium,  p.  96,  the  larg- 
infusoria  may  be  kept  still  in  a  particular  position  for  the  purposes 
examination. 

To  obtain  specimens  of  the  common  infusoria  all  that  is  necessary 
to  expose  some  of  the  ordinary  water  in  a  light  place  in  a  warm  roo 
for  a  few  days,  when  many  different  species  will  be  found  to  ha" 
developed  in  great  numbers.  The  water  supplied  to  our  cisterns  a» 
tains  rotifers  and  their  ova.  In  order  to  obtain  them  the  water  may  1 
kept  for  two  or  three  weeks  in  a  lightly  covered  glass  vessel.  It 
little  of  the  deposit  be  removed  from  the  sides  and  examined  in  tl 
usual  manner  many  will  be  found. 

Vorticelltt  and  Rotifers  or  wheel  animalcules  and  many  other  fom 
may  often  be  obtained  by  placing  a  small  piece  of  a  plant  whicli  h. 
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fjfen  allowed  to  remain  in  the  same  water  for  some  time,  with  a  drop  of 
tlie  fluid  in  a  glass  cell.  These  organisms  are  often  found  attached  to 
^c  edges  of  the  plant  in  considerable  number. 

Fresh-water  and  marine  zoophytes,  too  large  to  be  placed  in  the 

ggjoil  cells,  or  the  troughs,  p.  76,  may  be  examined  in  flat  watch  glasses, 

or  in  one  of  the  larger  cells,  represented  in  pi.  XXII,  p.  78.     These 

loay  be  examined  with  low  powers  (two  inch,  one  inch)  without  any 

tbiD  gl^iss  cover,  but  where  the  higher  powers  are  employed  a  piece  of 

ihin  glass  must  be  applied  in  such  a  manner  as  to  cover  that  part  of  the 

vessel  in  which  the  animals  are  situated,  while  at  the  same  time  a 

certain  proportion    of  the  fluid   is  freely  exposed  to  the  air;   for  if 

aeration  were  prevented,  the  animals  would  soon  exhaust  all  the  air  dis-  ■ 

solved  in  the  small  quantity  of  water  in  which  they  were  imprisoned, 

and  <lie  of  suffocation. 

It  is  difficult  to  kill  many  zoophytes,  and  preserve  them  with  the 
tentacles  extended,  but  it  is  said  that  the  retraction  of  the  tentacles  may 
be  prevented  by  plunging  them  into  cold  fresh  water.  Various  poisons, 
qaum,  hydrocyanic  acid,  chloroform,  &c.,  have  also  been  recommended 
for  the  same  purpose,  but  a  voltaic  current  effects  the  object  most 
perfectly. 

Cheese  mites  and  other  small  acari  should  be  examined  with  low 
porers  (two  inch,  one  inch)  under  the  binocular,  a  strong  light  being 
amdensed  upjon  them  with  the  aid  of  the  bull's  eye  condenser  or  the 
prabolic  reflector,  p.  28. 

Small  spiders,  many  of  the  minute  coleoptera  and  their  larvEe,  aphides, 

parasites  of  the  common  house  fly,  beetles,  and  many  other  insects,  and 

*  great  number  of  the  smaller  insects  common  in  fern  cases  may  be 

CBiIy  examined,  and  some  of  the  smallest  of  them  are  suitable  for 

^ttmination  by  reflected  and  transmitted  light,   under  low  and  high 

powers,  with  the  aid  of  the  binocular,  p.  14. 

The  Eniozoon  or  Demodex  folliculonim  may  be  obtained  by  squeez- 
"%  the  sebaceous  glands  in  the  slrin  of  the  nose,  or  scalp  of  the  human 
suliject  Specimens  may  generally  be  obtained  from  the  wax  of  the 
S3r.  If  transferred  to  a  little  oil  and  covered  with  thin  glass,  the 
itiinals  may  be  preserved  alive  for  some  time  and  their  slow,  sluggish 
movements  watched,  pi.  XLI,  p,  168,  fig.  3. 

SI6.  or  kecplns  Bodies  molit  while  unaer  nicroicoplcal  Obserra. 
u»ii.— In  order  to  study  the  changes  occurring  during  the  growth  and 
multiplication  of  some  of  the  simplest  organisms  which  live  in  water,  it 
is  necessary  to  adopt  some  plan  for  preventing,  or  compensating  for, 
the  evaporation  which  takes  place.     This  may  be  effected,  as  recom- 
mended by  Recklinghausen,  by  adapting  a  piece  of  sheet  India-rubber 
tubing  to  the  glass  ring  fixed  on  an  ordinary  glass  slide,  the  diameter  of 
the  ring  being  sufficient  to  allow  a  piece  of  thin  glass  to  be  placed 
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within  its  circumference.  The  upper  end  of  the  tube  is  tied  round  iIk 
object-glass  of  the  microscope.  Thus  a  moist  rkamber  is  roade,  aod  if 
one  of  Harlnacks  "immersion  lenses"  be  employed,  observations  may 
be  continued  upon  a  given  object  for  a  considerable  time.  The  ntut 
eharaber  is,  however,  better  adapted  for  use  with  low  than  withweiy 
high  magnifying  powers.     See\)\.  L,  p.  183,  fig.  4. 

I  have  found  that  the  s-ime  object  is  gained  if  the  loss  of  fluid  by 
evaporation  is  compensated  for  by  conducting  irater  from  a  b'ttle  rescr- 
vftir  of  water,  fixed  at  one  cud  of  the  slide,  by  means  of  a,  small  piece  of 
blotting  paper  or  silk  thread.  In  this  way  fresh  water  is  supplied  tolht 
object  as  fast  as  evaporation  takes  place.  By  placing  a  little  ceoent 
round  two-thirds  of  the  thin  glass  cover,  sufficient  sjKacc  is  allowed  for 
the  retpiisitc  access  of  air,  while  at  the  same  time  loss  by  evaporatioci  i» 
reduced  to  tlie  smallest  amount.  By  this  anangement  the  growth  o( 
the  spongioles  of  plants  may  be  very  successfully  studied. 

A  small  quantity  of  fluid  or  semi-solid  matter  containing  various 
Icinds  of  living  matter,  may  be  prcscned  for  some  days  without  ih< 
deatli  of  the  living  particles  it  contains  taking  place,  by  the  follovini 
arrangemcnL  A  smaJI  glass  tube  about  half  an  inch  in  diameter  ■0' 
an  inch  and  a  half  in  length  is  prepared,  the  edge  of  one  estrtoi^ 
being  turned  outwards  in  the  blow-pipe  6ame,  so  that  very  thin  n*™ 
brane  may  be  tied  over  it.  The  tube  is  so  arranged  that  the  membrt» 
just  touches  the  surface  of  some  distilled  water  in  a  small  dish  or  a] 
stile.  The  whole  may  be  placed  in  a  hot-air  oven  maintained  »t 
uniform  temperature  of  100"  F.  In  this  way  I  was  enabled  to  kc« 
living  matter  freely  exposed  to  the  air,  whilst  the  loss  by  evapor»ti« 
was  balanced  by  the  gradual  flowing  in  of  fluid  &om  below  through  " 
pores  of  the  membrane.  In  this  way,  I  have  succeeded  in  kcej^ 
alive  masses  of  bioplasm  fi-om  the  higher  organisms  for  some  Oj 
longer  than  they  would  have  lived  under  ordinary  exposure. 

SKf.    or  brrptnB  ■tMlIrm  nt  m  I'niform  TcinixrBtnre  blKker 
Air,    wbllr   aiidrr    M Icntaroplcnl   «)b<>«riail«il. —  1"    Otder    to    StUi 

phenomena  of  animals  which  naturally  occur  under  the  influence 
temperature  considerably  aba%-c  that  of  the  surrounding  air,  tt  is  noC 
Mr)'  to  be  able  to  raise  the  slide  on  which  they  or  their  tissu«  * 
placed  to  the  proper  st-uidard,  by  artificial  heat.  This  desirable  ol>>' 
nwy  be  effected  in  many  ways.  By  p\a.onjj  a  brass  plate  upon  the 
of  the  microscope,  and  allowing  one  end  to  ptojcci  over  the 
that  it  luny  be  conveniently  heated  t*-^  »  svinWamp,  any  substani 
be  kept  warm  upon  a  glass  slide »  «We  wi\>'iccied  lo  mi 
examination.  Max  Schulue  has  rc^  vzsf^'i  cwtnvcd  a  brass  pUte 
is  fixed  by  clamps  to  the  stage  of  tTV^e  nivcTOScove.  a"d  cwcnflcd  Bl' 
sides  so  as  to  form  two  projecting  ^ww*  ^***^  *^^^^  ***  wHicbaW 
spirit  lamp  may  be  placed.     A  hoU  -^.  «  vi^  ^  ^^^  V»»»at  ot  Oiel 
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Qoteto  ihtr  place  where  the  slide  with  the  object  is  situated,  is  the  bulb 
1/  a  little  theimomcler,  the  stem  of  which  is  so  arranged  thai  the 
Acpta  can  be  readily  read  off.  This  apparatus  has  been  made  by 
Ceialer,  of  Bonn,  fig.  1,  pL  XLI,  p,  168.  In  conducting  observations 
I  bodies  which  ore  warmed,  the  loss  of  fluid  from  evaporation  must 
'pnmded  against  by  the  use  of  the  moist  chamber  and  immersion 
loifco'by  the  little  reservoir  and  conducting  thread,  pi.  XXII,  p.  78, 
(^,  8,  or  by  the  arrangement  described  on  p.  77. 

[>r.  Ransom,  of  Noiciiigiiam,  has  been  long  engaged  in  inrestiga- 
aotB  which  Tcqutre  ihc  ajiplication  of  heat  and  cold  to  the  object  while 
rotwervaUoQ.    He  says,  "The  mode  of  using  heat  for  those  cxami- 
<  I  hove  found  best  so  far,  is  recommended  by  M.  ScJiulize,  only 
to  employ  with  it  cold  also,  I  have  ordered  one  to  be  made  of 
instead  of  brass,  as  the  former  metal  is  so  much  better  a  con- 
ir.  and  I  trust  I  shall  be  able  with  thw  new  hot  stage  to  preserve 
tiJKt  at  any  required  tcrapcrature,  and  to  read  off  easily  the  actual 
re  which  the  object  has  from  30'  F.  to  160"  F."    The  prin- 
t  of  this  form  of  hot  stage  is  to  conduct  the  heat  to  or  from  the 
,anA  not  to  osc  currents  of  air  or  water.     It  may  Ite  used  not 
r  for  stimulating  movements,  but  for  watching  the  extremes  upwards 
(dcrmwords,  which  either  arrest  or  destroy  viUl  action.     But  it  is 
I  adapted  for  keeping  up  a  uniform  temperature  for  a  considerable 
of  time.    Sucli  a  stage  must  be  separated  from  the  microscope 
i  BOD-coiiducttng  substance. 

A  »cr>'  simple  plan  for  heating  objects  by  hot  air  is  indicated  in 

1^  J,  pL  XL!,  p.  168,  but  when  it  is  necessary  to  regulate  the  tempera- 

nrevithtn  a  few  degrees  and  maintain  a  uniform  heat  for  some  time 

'\-x  arrangement  must  be  adopted.     In  pi.  XIV,  p,  148,  of 

ope  in  Medicine,"  I  have  given  a  figure  of  Dr.  Sanderson's 

'  qoratoSt  which  is  very  efficient  and  may  be  obtained  of  Mr.  Uawkslcy, 

300,  Oxford  Street.     The  suge  is  kept  warm  by  the  constant  circulation 

ofoSTcnts  of  warm  water  supplied  by  a  boiler  heated  by  a  gas  jcL        . 

UN.  Cooirsctiiity  of  HumU. — The  movement  taking  ])lnce  in  the 

fnUdes  of  this  li.s!>ue  may  be  demonstrated  in  certain  of  the  tower 

Js,*>Q  which  it  continues  for  some  time  after  the  tissue  has  been 

60m  the  body.     Xr.  Bowman  strongly  recommends  the  mus- 

^i  fibres  from  a  young  crab  ("Philosophical  Transactions,"  1841). 

UiBj  stnall  transparent  aquatic  \a.rvx  arc  also  well  adapted  for  ob- 

Wt&OQ.    The  ])hcnomcna  of  muscular  contractility  may  however  be 

iwccessliilly  studied  in  the  broad  muscles  just  beneath  the  skin  ot 

[MBimon  maggot  or  larva  of  the  blow-fly,  and  as  these  can  be  always 

lilj  oViiaincd,  1  recommend  them  for  observation.    The  movements, 

lae  very  beautiful,  continue  for  ten  minutes  or  a  quarter  of  nn 

tilta  the  muscles  have  been  removed  from  the  body  of  the  recently 
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killed  animal,  so  that  a  specimen  inay  be  prepared  and  passed  ruond 
the  lecture  room  in  one  of  the  poniible  microscopes,  p.  17.  In  the 
winter  1  have  seen  the  contractions  conliiiue  for  upwards  of  half  an 
hour.  It  IS  most  instructive  to  examine  these  musclc!)  during  fontrac 
tion  under  the  influence  of  poUrized  light,  with  a  plate  of  sdcniM 
When  (he  ground  is  green,  the  waves  of  contraction  which  pass  alon; 
each  muscular  fibre  in  various  directions,  arc  of  a  bright  purple.  Ii 
other  parts  of  the  field  the  complementarj'  colours  are  reversed.  Thex 
are  few  microscopic  objects,  that  I  am  acquainted  with,  so  beautiful  a 
this.  With  the  aid  of  very  high  powers,  the  actual  change  occunir^  i 
the  contractile  tissue  as  it  passes  from  a  state  of  relaxation  to  contnu 
tion.  and  from  this  to  relaxation  again,  may  be  studied,  and  for  moo 
minutes  at  a  time.  ^M 

In  order  to  obtain  the  muscles,  it  is  only  necessary  to  slit  up^| 
larva,  and  after  removing  the  viscera,  to  separate  some  of  the  raascSl 
from  the  outer  skin  to  which  they  are  attached.  They  may  be  mot 
tened  with  some  white  of  egg,  saliva,  or  better  than  all,  a  little, 
fluid  from  the  animal. 

The  student  may  thus  gain  inrormation  conocming  the  nal 
contractile  movement  generally,  in  which  there  is  invariably  a  rej* 
tition  of  alternating  actions.  Contractility  has  been  confused  nri1 
movement  essentially  different  in  its  nature,  which  lakes  place  1 
bioplasm  or  living  malicr,  p,  203.  The  first  affects  various  kinds 
formed  material  only ;  the  last  is  peculiar  to  bioplasm.  Contractile 
is  essentially  interrupted.  Vital  movement  is  continuous.  By  the  U*^ 
a  weight  may  be  raised  higher  and  higher,  and  if  the  weight  iocreSiSi 
the  forrc  which  raises  it  may  increase  also.  (!ontrartinn  involves  yi^t* 
ing  or  relaxation.  It  is,  as  it  were,  a  vibration  to  and  fro— the  altensM 
shortening  and  lengthening  of  a  filire.  Contraction  takes  place  in  O^ 
dcfmitc  direction  only,  and  never  alters.  Vital  movements  occur  is* 
mass  of  living  matter,  and  may  take  place  in  any  direction. 

On  iht  use  cf  Borax  and  Boradi  AHd  in  studying  Musiutar  CfHl^* 
tion. — Professor  Kmst  Briicke,  of  Vienna,  discovered  that  solutions 
pure  borax  and  bomcic  acid  exhibit  peculiar  reactions  upon  albumin^'' 
substances.  A  a  per  cent  solution  of  boradc  acid  unlike  i»^ 
dilute  acids  does  not  retard  the  coagulation  of  the  blood.  In  a  i^'' 
tion  of  three  parts  by  weight  of  pure  mehed  botacic  acid  in  lOO  * 
water,  muscular  tissue  removed  from  a  recently  killed  animal  wilt  retvi' 
its  contractile  power  for  a  much  longer  lime  than  if  immersed  in  pur* 
water.  In  some  expcnmcnts  ilhjcke  fuund  that  the  muscles  retaineii 
their  conlractihty  for  twice  the  length  of  time.  The  muscles  ftoni  ^ 
targewater  beetle  continued  tocontract  under  the  microscope  for  upwudt 
of  a  quarter  of  an  hour  after  removal,  lirucke  also  employs  a  3  ntf 
cent  solution  of  boracic  acid  for  studying  the  structure  of  the  nd' 
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Uooi  corpuscles.     This"^acid  has  not  yet  been  much  employed  by 

observers,  but  it  is  one  which  is  likely  to  be  useful  in  ihe 

lion  of  many   specimens.       "  Uber   das   Vcrhaltcn    lebendiger 

Mnskrin  gegen    Borsaurelosur^en."      "  Ubcr    das  Vcrhaltcn    einiger 

£ivebsk6qtcr  gegen  Boniaure."    "  Uber  den  Bau  der  rothen  Blmkiir- 

peKJKn,"  von  Ernst  Briicke,  Band  LV  und  LVI  dcr  Silzb.  d.  k.  Akad. 

d.  U'issea&ch,  April.  MaJ.  Juni,  t86;. 

U9.  Qt  ttf   cirmtetlon    of  tke  bIomL — I  believe  by  the  law  of 

Englmd,  the  man  who  ties  vrlth  a  thread  or  oUierwisc  in  any  way  in- 

tcrfccs  with  the  comfort  of  a  frog  for  the  purpose  of  studjing  the 

cimUtion  of  its  blood  in  the  vessels  of  the  web  of  the  foot  docs  so  at  the 

peiil  of  being  taken  up  by  the  polioe  and  convicted  before  a  magistrate 

I  of  Wiig  cruel  to  an  animal,  and  may  be  fined  jCso  for  the  offence. 

[AJthoughthe  inconvenience  to  the  frog  is  not  ver>"  great,  there  are 

manj'  persons  in  the  country,  whose  tender  regard  for  the  lower  animals 

is  swh  tlut  lliey  would  certainly  inform  against  anyone  who  unduly 

[ZWncted  the  movements  of  a  frog  for  the  purpose  of  scientific  observa- 

It  is  in  these  days  a  very  haiardous  proceeding  on  the  part  of  any- 

!  DOt  licensed  by  Government  to  be  cruel  to  animals,  to  study  the 

cixtsUtioa  of  the  blood ;   but  to  show  the    phenomenon  to    several 

I  pencns  would  be  most  dangerous.     In  fonner  days  we  were  allowed  to 

^Tiinine  the  weh  of  a  Itviny  fn^  as  follows,  and  were  not  considered 

^*wl>-Selecting  a  young  frog  wiih  a  thin  web,  the  body  and  one  hind 

'cgmt  loosely  bound  tip  in  wet  rags,  the  other  leg  being  allowed  to 

P***ijde.     The  body  was  then  tied  to  the  frog  jilatc,  and  a  piece  of 

^^tad  having  been  carefully  tied  to  two  of  the  toes,  the  webs  were 

^''ttrhed  over  the  glass  at  the  end  of  the  plate,  and  fixed  in  the  proper 

'*^**"wn  for  obscr\ation.     A  drop  of  water  was  then  added,  and  the 

**''  covered  with  ttiiu  glass.    By  careful  observation  of  tlie  circulation, 

"'''of  all  under  a  low  power,  and  then  under  a  quarter  of  an  inch 

^•Joct-glass  roost  im[>orlant  and  highly  interesting  facts  were  IcamL 

In  cases  in  which  it  is  necessary  to  conduct  observations  on  the  circu- 

T'^i'Hiwilh   the  aid  of  very  high   powers,  it  will  in  practice  be  found 

^••lable  to  increase  the  length  of  the  tube  instcarl  of  employing  object- 

*^*cs  of  very  lugh  magnifying  power.     A  quarter  of  an  inch  object- 

****s  may  thus  be  made  to  m.ignify  as  highly  as  a  twelfth,  .ind  as  the 

T^^^ance  between  the  object-glass  and  tlie  thin  glass  covering  the  web 

^  Vtiy  ctHuiderable,  there  is  not  the  same  danger  of  serious  derange- 

*^e«ry  rime  the  animal  moves  slightly.    Several  different  lengths 

^fibesmay  be  adapted  to  the  microscope  body,  which  may  be  thus 

'(■Creased  to  the  length  of  two  feet  or  more,  if  desired. 

If  a  small  artery  be  brought  into  focus  and  the  tip  of  one  of  the 
^loesbe  very  lightly  touched,  the  artery  is  seen  to  contract  immediately, 
iMimewhax  irregularly  in  different  parts  of  its  course.     Sometimes  a 
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few  blood  corpuscles  ar*  firmly  compressed,  and  for  several  seconds  tbc 
vessel  remains  so  strongly  contracted  that  not  a  corpuscle  pasitcs  along 
it  By  performing  this  insiruciivc  experiment,  the  observer  will  rcaliie 
ilic  effects  of  the  wondcrAiI  contractile  power  of  the  coals  of  the  unaHer 
arteries,  and  will  conclusively  demonstrate  ttiat  the  afferent  nerve  iihiet 
distributed  to  the  skin  of  the  foot  generally,  influence  the  nerve  ccniRs 
from  which  the  nerves  ramifying;  amongst  the  muscular  fibres  of  tbe 
arterial  coats  take  their  riiie.  This  is  a  beautiful  instance  of  reflex 
nervous  action  aflcciinR  the  vessels, 

The  circulation  might  also  be  studied  during  life  in  the  capil! 
of  the  tail  of  a  small  fish,  minnow,  stickleback,  eel,  carp,  &c.  The 
should  be  wrapped  up  in  vet  lint  and  loosely  tied  at  one  end  of  a  gUs 
slide,  the  tail  being  placed  aliout  titc  centre,  and  covered  with  a  piece 
of  very  thin  glass.  Whether  such  a  proceeding  exposes  the  cxpcsi- 
mcntcr  to  a  penalty  of  ^50,  I  do  not  know,  but  in  all  cases  the  studau 
must  be  careful  not  to  hurt  any  creature  for  the  purpose  of  gaining  ■■■ 
fonaation.  Maiming  and  torturing  incidental  to  sport  are  i>cniutted. 
Nothing  is  leaml  by  llie  process,  but  to  Icam  anything  from  a  lonr 
animal  subjected  to  pain  is  forbidden  by  Act  of  Harliament. 

Of  the  Action  of  the  Heart. — A  more  correct  idea  of  the  mode 
action  of  the  heart  may  be  formed  by  watching  its  contractions  in 
small  living  animal  under  the  microscope  than  in  any  other  way  wil 
which  I  am  acquainted.  A  young  fish,  or  newt,  or  fr<^  tadpole  marr 
l)e  taken  for  the  purpose,  but  I  have  found  that  a  young  snake  reiDO»t^ 
irom  the  egg  exhibits  the  phenomena  most  beautifully.  The  hlocfcM 
may  be  distinctly  seen  as  it  eddies  through  the  various  apertures  £ 
passing  to  or  from  the  dilTercnt  vessels  and  cavities  of  the  heart. 
undulating  contractions  of  the  auricles  and  ventricle  of  the  heart  ougfe? 
to  be  seen.  Under  a  two-inch  power  adapted  to  a  binocular  ml 
scope,  the  movements  of  the  heart  maybe  studied  most  advantageomt 
t  believe  experiments  may  be  performed  upon  a  tadpole  wiihoi 
breaking  the  law,  but  the  experiments  must  not  be  continued  from 
tadpole  into  the  frog  stage  of  life.  Before  long  no  doubt  tlie  wrm^ 
will  Ik:  redressed,  and  the  protection  afforded  to  the  &og  will 
generously  extended  to  the  tadpole.  Both  frog  and  tadpole  shoali 
appeal  to  Parliament  and  draw  the  attention  of  all  conscientious  Eogli^ 
OKn  to  the  horfors  of  their  position,  and  thus  point  out  the  Bigrant  m. 
consistency  and  injustice  of  the  present  state  of  the  law. 

The  cimilalion  in  the  tadpole  has  been  well  described  by  Mr.  Wl» 
ney  I"  Transactions  of  the  Microscopical  Society,"  I'oL  x,  p.   1,  r86:3 
The  animal  should  be  starved  for  a  few  days  before  being  submitted 
examiiuiion,  in  order  that  the  intestine  may  become  transparenL    TSi 
branthifs  of  the  frog  tadpole  or  young  newt  may  be  examined  in  a 
glass  cell  specially  prepared  for  the  purpose,  and  by  an  amngenieat 
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l>es  the  animal  may  be  supplied  with  fresh  vater  while  it  remains 
t  ervauon.     In  pi  XXII,  fig.  i.  p.  78,  is  reprciicmal  a  fonn  of 

'I  1  made  many  years  ago  for  a  proteus,  but  a  cell  for  a  newt 
'  other  onitnal  may  Ik  made  upon  the  same  plan.  The  circulation  of 
«  blood  irt  the  capillary  vessels  of  a  inamm:i1i%n  animal  may  br 
tiidied  in  the  thin  membrane  forming  the  wing  of  a  young  bat,  ot  in 
frKDutn  of  the  tongue  of  the  human  subject,  by  the  help  of  a 
ncrostopc  designed  by  Ilr.  Pritchard  and  described  and  figured  in 
The  MicTY>sr.-ij>cin  Medicine.'' fourth  edition,  pi.  XXXVI,  p.  503. 

The  examination  of  the  movements  alluded  to  in  this  section,  may 
be«)\-amageously  condm;ted  with  ilie  aid  of  the  binocular. 

MO.  Of  Ike  HBTCMratii  of  itae  cbTlc- — I'Or  stud}'ing  the  movetntnts 

tflh  ckyU  in  the  iacteals,  a  mouse,  rat,  or  young  c^ibbit  may  be  taken. 

'Hie  tPimil  should  be  fed  with  a  little  lard  beaten  up  with  a  piece  of 

;4Dcrea»  and  a  small  quantity  of  bile,  so  aa  to  form  a  soft  pultaceous 

oa«  which  may  he  strained  through  muslin.     About  half  an  ounce  or 

'  -'  "■  *\t  cream-like  fluid  may  then  be  injected  by  the  aid  of  a  small 

n-.o  a  flexible  catheter  which  has  l)een  passed  down  the  gullet 

liMAnimal's  stomach.     After  acouple  of  hours,  the  creature  should 

pitfitd.  Mnnnwl,  or  destroyed  very  suddenly,  and  a  sin-ill  portion  of  the 

BCMitrrj'  with  the  intestine  attached  withdrawn  through  an  aperture  in 

OieiMoRuQal  walls  and  submitted  to  microscopical  examination  with  a 

timpoitct. 

HI.  aitsrr  Mnrrment  is  not  peculiar  to  animals  but  is  also  found 

hnis,  at  least  during  the  early  s.tages  of  existence  of  some  of 

r  forms. 

Upon  eeriaio  surfeces  in  tlie  higher  anunals,  and  to  a  greater  extent 

in  the  lower  classes,  we  find  tliat  the  cells  which  generally  form  the 

onttiproUictlit  covering  of  more  delicate  structures,  are  jirovided  with 

fOf  lai^-e  tibratilc  processes,  01  alia,  which  by  ttieir  movements  create 

aoiBits  often  of  some  considerable  power.     These  movemenis  are 

XU^na  required  to  promote  the  rapid  removal  of  foreign  bodies 

*ould  injure  delicate  surfaces  if  they  came  in  ab.so!utc  contact 

tbtm,  or  for  promoting  a  constant  change  in  the  water  by  which  the 

niiBfl]  is  surrounded.     Cilia  effect  the  latter  object  in  the  greater 

W»bcrof  shell  lish,  which  are  stationarj-  throughout  life,  and  are  not 

FVivided  with  an  apparatus  for  promoting  a  continual  change  of  the 

W  "bich  bathes  the  surface  of  iheir  respiratory  organs. 

Ciliary  Motion  endures  for  a  longer  or  shorter  period  after  death, 

ad  ii  entirely  independent  of  the  nervous  system.     In  the  active  bird 

"  ceases  very  soon,  but  in  the  more  slowly  nourished,  cold-blooded 

il  often  lasts  for  many  d.iys  after  death.     DifJerent  forms  of 

action  may  be  observed  among  the  different  species  of  infusoria. 

»S  however,  doubtfiil  whether  many  of  die  very  fine  spine-like  bodies, 
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the  movements  of  which  seem  to, be  under  voluntary  control,  ought  to 
be  regarded  as  cilia.  The  simple  organisms  of  this  class  seem  to 
possess  the  power  of  stopping  the  vibrations,  but  there  can  be  no  doubt 
that  in  vertebrate  animals  ciliary  action  is  quite  independent  of  volition. 
There  is  certainly  no  connexion  between  the  cells  of  ciliated  epithelium 
and  the  nerves. 

Cells  with  ciliated  epithelium  in  active  vibration  can  always  be 
obtained  by  scraping  the  back  of  the  tongue  or  fauces  of  the  frog,  toad, 
or  newt  Mucus  is  removed  in  which  numerous  cells  are  found.  The 
thin  glass  cover  must  be  prevented  from  pressing  too  firmly  by  inserting 
a  small  piece  of  thin  paper  beneath  it  The  student  may  also  obtain 
very  beautiful  ciliated  epithelium  in  active  vibration  from  the  branchie 
(gills)  of  the  oyster  or  mussel.  Some  of  the  cilia  from  the  latter  situa- 
tion are  of  very  considerable  length,  and  occasionally  the  vibration  of  a 
single  cilium  may  be  watched,  in  which  case  the  observer  may  demon- 
strate the  interesting  fact  that  movement  occurs  not  only  at  the  base  of 
the  cilium,  but  In  every  part  of  the  vibratile  filament.  See  figures  in 
pi.  LI,  p.  196. 

Of  all  the  ciliated  structures,  the  newt's  kidney  is  perhaps  the  moil  ' 
beautiful  and  the  most  remarkable.     The  tortuous  uriniferous  tubes  in  the 
uppei  thin  portion  of  the  kidney  are  lined  in  theirwhole  length  with  ciliated 
epithelium,  which  continues  in  active  motion  for  some  time  after  the  re- 
moval of  the  organ  from  the  body  of  the  animal.     In  order  to  display  Ail    j 
wonderful  object,  we  must  proceed  as  follows : — After  destroying  the  nnrt   1 
by  decapitation,  the  abdominal  cavity  is  laid  open,  and  by  turning  the    \ 
viscera  to  one  or  other  side,  the  kidneys  may  be  exposed.     Towards  ^ 
pelvis,  the  kidney  presents  much  the  same  appearance  as  in  the  ftog:    ' 
but,  upon  tracing  it  upwards,  it  will  be  found  to  become  gntdtuUr    ] 
thinner,  and  to  extend  quite  into  the  thoracic  portion  of  the  animal  It    ' 
is  this  upper  thin  part  of  the  kidney  which  shows  the  ciliary  motion  to 
the  greatest  advantage.     See  pi.  XXXIX,  p.  158,  fig.  8.     A  probe,  <,il 
represented  in  the  drawing  underneath  that  portion  of  the  kidney  whidi 
should  be  examined  in  the  microscope.    The  thin  portion  of  the  kidnej, 
above  referred  to,  is  to  be  very  carefully  removed  from  the  body  bf 
delicate  manipulation  with  fine  forceps  and  a  pair  of  scissors,  moistened 
with  a  little  water,  or,  what  is  still  better,  with  some  of  the  serum  erf  the 
animal,  placed  in  a  targe  thin  glass  cell,  and  carefully  covered  with  dun 
glass.     The  cell  should  be  sufficiently  thick  to  prevent  any  pressure 
upon  the  preparation.     The  secreting  tubes  lie  upon  one  plane,  so  that 
a  tube,  throughout  the  entire  length  of  which  active  ciliary  motion  is  con- 
stantly taking  place,  may  often  be  seen  in  the  field  of  the  microscope  at 
one  time,  under  a  half-inch  object-glass.    After  ciliary  motion  has  stopped, 
the  cilia  are  with  great  difficulty  distinguished.  Many  of  the  tubes  in  ttw 
lower  thick  part  of  the  kidney  do  not  exhibit  ciliary  action,  perhaps  because 
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celbare  nodergotng  dt^ncnition.    I  have  been  able  to  find  tabes 
c\'  ■  ■•'  wasting  in  newts  which  have  been  kept  in  con6ncment. 

Cii  ,'iiheliura  may  be  obtained  from  the  lamyx  and  trachica  of 

by  coii){htnK  violently.    The  vibration  occasionally  continues  for 
It  time  after  the  sjsximcn  has  been   transfeircd  to  Ihc  glass  slide. 
obsep-tj  will  [>e  surprised  al  the  enormous  number  of  cilia  pro- 
ling  from  a  single  cell;  indeed  it  often  happens  that  a  mass  is 
pdled  which  seenas  lo  consist  of  hundreds  of  long  filaments,  all  in 
ivc  vibration,  radiating  from  a  commaii  j^oinl. 
Cilijjy  action  is,  I  think,  flue  to  changes  going  on  within  the  cell, 
:  pcutubly  very  intimately  connected  with  the  cuncnts  which  flow  to 
nd  from  the  bioplasm  or  living  matter,  and  the  altered  tension  thus 
Wied  in  the  cclL    Ciliary  motion   is  not  dependent  upon  nervous 
Ctica,  nor  is  it  due  to  any  disturbance  in  the  surrounding  medium.     It 
anaot,  E   think,   be  regarded   as  a  ii'fa/  movement,  although  it    is 
ifobablydue  to  changes  which  .are  consequent  upon  vital  phenomena. 
I3ii  consist  of "  formed  material,"  but  the  bioplasm  passes  into  the  hollu* 
of  the  citium,  and  extends  for  some  distance,  figs.  3,  4,  5,  pi.  1.1, 
In  the  immediate  vicinity  of  ciliated  cells  arc  sometimes  observed 
iih  open  nioiithft,  out  of  which  mucus  and  various  substaiKes,  formed 
orKoctcd  in  the  inicrior  of  the  cell,  passu    PI.  I.I,  p.  igfi,  figs.  6,  7. 
formation  of  these  products,  nutrient  matter  from  the  blood,  after 
through  the  attached  extremity  of  the  cell,  is  probaltly  absorbed 
bjrib  living  matter.    At  the  same  time  the  outermost  portion  of  the  latter 
converted  into  the  [>ecul;ar  contents  of  the  cell,  and  thus  the 
matter  which  has  been  already  produced  becomes  pu-shcd  towards 
icorifice.     ]  think  that  the  movements  of  cilia  arc  brought  about  by 
t  similar  series  of  ch.angcs,  in  which  the  bic^lism  or  living 
■.Dsually  termed  nucleus,  plij-s  iht- active  .ind  mos.t  important  part. 
X  or  tUr   MovcmenU  nf  MinHir  PNrtlrlr*  Im    Plulda,  and  sf  llie 
flnrroKau  of  Bl*iHB*ni  or  UvIhr  .Walter. — Robert  Brown,  just 
fiftj  ywrs  ago,  made  known  the  fact  tlint  vtry  minute  pariidea  of 
:,  noM  Jiving  ot  Uring,  fiusjHrnded  in  water,  exhibited  tnovcmcnts. 
s  which  move  and  vibrate  about  one  another  are  many  uf 
fmall  lo  be  roeoiured.     In  fact,  when  examint:d  by  the  higher 
i>f  the  microscope  most  of  them  disclose  no  definite  form,  and 
as  minute  dots.     The  movements  of  the  particles  In  tjuestion 
hiw  since  been  known  as  Brownian  or  molecular  movements.    They 
Itow  been  attributetl  to  oirrents  produced  by  evaporation— to  the  in- 
ituaicc  of  heat,  to  external    vibration,  to   "surface   tension,"  and   a 
lumtw  of  other  ciicumslances  quite  incompetent  to  give  rise  to  them 
IDKMDC  of  liie  cases  in  which  they  occur.     The  subject  has  been  vet)- 
recently  rc-invc%tigated  by  Professor  \V.  Stanley  Jevons.  who,  I  think, 
onccd;  attributes  the  movements  to  electrical  dislurbante.     I  have 
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myself  many  times  seen,  unquestionably,  electrical  movenients  irf"  pa^ 
tides,  suspended  in  fluid,  moving  to  and  from  the  surface  of  an  lir 
bubble  included  in  the  fluid.  The  movements  in  question  Tcry  closdy 
resembled  some  of  the  so-called  molecular  movements,  except  as  re- 
gards their  very  much  greater  activity.  Professor  Jevons  speaks  of  die 
motion  as  pedetic  from  viili^an,  leaping  or  bounding,  though  I  coDfesa  it 
seems  to  me  that  such  words  as  leap  and  bound  represent  movements  voy 
far  removed  from  the  so-called  Browntan  or  molxular  movements.  The 
tatter  phrase  is,  it  must  be  confessed,  equally  objectionable,  for  the 
term  molecular  cannot  be  adequately  defined,  and  is  constantly  used 
in  very  different  senses  by  those  who  are  most  partial  to  it.  It  it 
applied  to  particles  which  any  one  can  see,  and  to  purely  hypothetical 
particles  existing  only  in  a  physical  imagination,  and  it  is  also  applied 
to  the  "  machinery  "  discerned  by  Dr.  Tyndall  in  living  beings,  but  whidi 
no  one  else  has  been  able  to  detect  Upon  the  whole,  perhaps,  the 
least  objectionable  term  is  Browntan  movement. 

The  observer,  who  desires  to  gain  a  knowledge  of  the  character  <rf 
the  movements,  has  only  to  mix  a  very  small  quantity  of  clay  with  poK 
water  and  examine  a  thin  layer  of  the  mixture  covered  with  very  tlun 
glass  under  a  power  magnifying  from  500  to  800  diameters.  See  Pro- 
fessor Jevons'  paper  "On  the  Movement  of  Microscopic  Particles 
suspended  in  Liquids"  ("Quarterly  Journal  of  Science"  for  Apcil, 
1878). 

Absolutely  different  from  the  constant  vibrations  of  solid  particles 
about  one  another  are  the  definite  continuous  movements  which  chanc- 
terise  every  form  of  bioplasm  in  which  no  structure,  no  molecules,  can 
be  seen.  The  movements  in  question  are  so  active  in  some  forms  of 
li\'ing  matter  as  to  engage  the  attention  of  everyone  who  can  use  a 
microscope.  These  movements  are  at  this  time  inexplicable,  and  are 
peculiar  to  living  matter.  To  call  them  molecular  is  perversely  to  distort 
the  meaning  of  the  word,  for  clearly  these  vital  movements  are  essen- 
tially distinct  from  any  of  the  molecular  movements  known.  If  the 
Brownian  movements  are  molecular,  the  vital  movements  cannot  be 
included  in  that  category.  Vital  movement  may  be  studied  in  afficAc; 
in  the  mucus  corpuscles  from  the  surface  of  the  mucous  membrane  of 
the  throat,  in  colourless  blood  corpuscles,  of  man  and  animals,  in  lymph 
corpuscles,  pus  corpuscles,  and  in  some  other  particles  of  living  matter. 
Let  the  observer  carefully  watch  with  his  own  eyes  and  understandii^ 
the  movements  of  an  amxba,  and  when  he  is  conversant  with  Ae 
phenomenon  as  apparent  under  object-glasses  magnifying  from  300  to 
1,000  diameters,  let  him  search  his  books  for  an  account  of  the  changes 
he  has  seen,  and  for  an  explanation  of  the  movement  of  the  matter  of 
which  the  living  organism  is  composed.  He  will  be  surjHised  to 
find  that  contemporary  scientific  authority,  backed  by  public  opinion, 
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has  voudtsAfed  to  dcctw  that  the  movciutnts  aie  due  to  "  molecular 
msuiiinery,"  worked  by  "jelly  guiding  force." 

Dis^eJe^it. — Among  the  remarkable  phenomena  of  IKing  matter  is 
the  capaniy  of  squeezing  through  small  openings.  A  body  the  xoVni  "' 
n  ioch  in  diameter  may  pass  ihrouyh  an  ojicning  or  a  pore  perhaps 
less  than  the  taa'a^o  ^  ^i  i"<^  ■"  diametor,  and  so  indisunci  that  it 
cannot  be  demonstrated  by  llie  highest  powers  under  the  most  favour- 
able cin:umstanccs  as  rt-gards  demonstration.  This  movement  is  cfierted 
bjr  a  portion  of  the  nia^  exiL'nding  iLM:lf  beyond  the  rc&t  so  as  to  form 
very  thin  filament  which  moves  into  the  apenure  tn  much  ttie  same 
vay  as  the  rootlet  of  a  plant  moves  and  extends  itself  amongst  the 
ponides  of  soil,  and  pushes  ihcra  aside  as  it  increases  in  diameter  and 
goes  on  elongating  itself.  The  portion  of  living  matter  reaching  the 
Otbcr  end  of  the  aperture  increases  in  extent,  as  the  thin  tine  moving 
m  00c  direction  gradually  accumulates.  At  last  all  has  passed  through, 
and  the  mass  of  living  matter  is  seen  on  the  opposite  side,  perhaps,  of 
a  membrane  apparently  destitute  of  i)orcs.  Its  sulutance  seems  to 
have  been  traversed  by  matter  which  is  certainly  not  fluid  like  water, 
but  moTe  or  less  viscid,  and  forms  a  coherent  inas.s  which,  when  sus- 
ficndcd  in  fluid,  appears  as  a  well  defined  globule  or  corpuscle.  This 
passing  of  a  corpuscle  through  the  capillar)*  wall  has  been  termed : — 

Dia^d^iis,  a  word  which  comes  from  \\a,  and  ittftam,  10  leap,  dance, 
and  though  often  employed,  it  appears  to  me  to  convey  a  ver>*  wrong 
idea  of  the  phenomena.  Of  late  years  numerous  observers  following 
Cohnheim  Itave  afltrmed  that  both  white  and  red  blood  corpuscles  make 
their  way  through  the  walls  of  capillary  vessels  in  inSammation.  'ilie 
(dienomenon   is  described  by  many  as  if  it  were  constant,  of  great 

lological  importance,  and  to  be  proved  to  demonstration  without 
ly.  On  the  olhcr  hand,  to  others  it  .scents  only  to  occur  occa- 
sioaally,  to  be  probably  exceptional,  and  of  little  or  no  physiological  or 
pathologic:d  ini[>oTtance. 

I  allude  to  it  here  because  the  slvtdcnt  will  find  that  the  supposed 
demonstration  is  due  at  least  in  many  cases  to  an  error  of  observation. 
Evm  skilled  observers  and  sdeniific  authorities  find  it  difficult  to 
obtain  a  specimen  which  affords  distinct  evidence  of  the  passage  of  a 
colourless  corpuscle  through  the  vascular  wall  Wc  may  be  very  easily 
mistaken.  In  the  first  place,  there  are  external  to  the  vessels  many 
«orfmsclcs  like  colourless  blood  corpuscles.  One  of  these  lying  over 
or  under  the  vessel  a  little  towards  one  or  other  side,  looks  as  if  it  were 
half  inside  and  half  outside  the  vessel  Secondly,  it  sometimes  hap- 
pens that  a  ca{jillaiy  is  slit  or  torn  at  a  particular  sjiot,  when  not  one 
Ifut  many  while  and  red  blood  corpuscles  pass  through  the  a|>enure. 
Thirdly,  the  bioplasts  of  the  capillar)'  walls  arc  themselves  somcrtimes 
swoQen,  and  may  be  easily  mistaken  for  colourless  blood  cor\)usc.ks 
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which  hare  juKt  passed  throagh  the  capillar)*  wall.  On  the  other  h 
any  one  who  studies  carefully  tht  vessels,  particiibriy  of  ihe  fro 
tissues  in  which  inflammation  has  been  excited,  will  be  struck  b; 
great  number  of  vessels  which  arc  completely  filled  with  colot 
corpuscles,  tliouyli  not  one  can  be  found  which  has  passed  througt 
vascular  ^.tK.  And,  l.x^tly,  I  will  direct  attention  to  the  (act  that 
thin  walled  vessels  of  the  dcrclo^Mng  ovum  are  oAcn  found  lite 
choltcd  with  colourless  corpuscles,  -ind  yet  over  a  wide  area  occu 
l»y  networks  of  vessels  not  one  of  the  many  millions  of  corpuscles 
has  traversed  the  vascular  wall.  Where  pus-like  coq>u3cIes  are 
outside  the  vessels,  ihey  result  from  the  enlargement  and  growt 
minute  bioplasm  |>arttcles  which  arc  suspended  in  the  liquor  sangu 
and  have  passed  with  ii  through  the  wall,  and  also  from  the  growth 
division  of  the  bioplasm  of  the  vessels  and  tissues.  Pus  corpni 
were  not  at  an  earlier  perio^i  colourless  blood  corpuscles.  I  think,  it 
fore,  that  diaptdisis  of  blood  corpuscles  must  be  regarded  as  an  ei 
tional  phenomenon  and  of  little  conseijucnce. 

From  the  consideration  of  the  vital  movements  ocrurring  in 
bioplasm  or  livin;;  matter  of  animals  am!  man,  we  n:iturally  pass  o 
that  of  certain  very  aciiv-e  movements  cliaracteiising  certain  plants. 

aes.  or  Itie  I'lreulalKm  In  lb*  >>«ixrla«Mi  Cello  af  c«rialB  riaai 
in  some  plants  the  circulation  of  juitc!- of  peculiar  character  maybe 
easily  seen  with  the  aid  of  low  magnifying  fwwcrs.  Oncof  the  mi 
ing  phenomena  of  this  class  may  be  demonstrated  in  the  sheath 
bud  of  the  common  India-rubber  plant  (ficus  elasiica)  which  bears 
the  smoky  atmosphere  of  large  cities,  and  grows  noiwilhstandii 
had  influence  of  gas.  Just  as  the  leaf  is  bursting  a  portion  of 
sheath  may  be  removed,  and  if  the  thin  edge  be  carefully  placed 
field  of  the  mirrosco|je  imder  an  inch  or  half  inch  power,  the 
with  the  conuined  white  fluiit  in  motion  will  he  seen.  With  the  lii 
the  half  inch  or  quarter  the  observer  will  be  able  to  demonstrate  t 
the  whiteness  of  the  fluid,  like  that  of  milk,  is  entirely  due  to  the  i 
ixrnsion  of  countless  little  globules  like  oil.  In  the  case  of  Ihefl 
rubber  jflant,  however,  these  globules  are  composed  of  highly  fli 
materia]  which  becomes  very  sticky,  and  when  dry,  clasitic.  It  consUn 
the  subsianre  known  as  Indiarubber.  In  the  Chflidonium 
common  hedge  plant  in  chalky  districts,  similar  phenomena  may 

CjK/osis. — The  circulation  or  cyclosis  of  the  conttnis  of 
inrria,  anacharis,  ehara,  and  nUeUa,  may  be  observed  with 
difliculty  under  a  quarter  or  even  a  half  inch  object-glass.     In 
the  movement  is  due  to  the  vital  prffrrtirs  or  ptnvrrs  of  the 
or  lirins  matter  which  moves  round  and  round  ihc  cell;  the  h 
wall  prpvcniing  its  escape,  and  rendering  movements  in  a  rigl 
impossible. 


If  the  plant  is  to  be  subjected  to  examinition  nndcr  the  highest 

re,  however,  certain   precautions  are   necessary.      The    ihinne&t 

ble  layer  should  be  removed  with  a  thin  but  very  sharp  Lnife,  from 

the  ratface  of  a  young  leaf  of  va/Uineria  or  anacharis,  and  the  two  chin 

(lieccs  thus  obtained  must  be  carefully  placed  on  the  slide  with  a  drop 

tif  water  and  covered  with  the  thinnest  possible  glass,  care  being  taken 

loprertnt  it  from  pressing  firmly  upon  the  freshly  cut  surface.     It  not 

Mfrttineniiy  happens  that  cyclosis  has  entirely  stopped  in  the  celts 

Hdnutted  to  cxiimtnation,   but  after  the  fragments  of  the  leaf  have 

lonirKd  still  for  a  short  time  the  movement  recommences,  especially 

if  iti^  warmth  be  applied ;  and  it  is  a  good  plan,  especially  in  winter. 

tofUce  the  sectiunb  which  have  been  made,  in  water  in  a  small  corked 

#ut  iuIk,  which  may  be  carried  in  the  pocket  for  a  quarter  of  an  hour 

or  men  before  they  are  to  be  subjected  to  examination. 

F*rts  of  the  utmost  general  interest  and  importance  may  be  de- 
■ODflnted  in  vallisnerii  by  the  aid  of  the  highest  powcn>.  The  stream 
«iiitk  moves  round  and  round  the  cell,  and  looks  like  pure  water  under 
'ivcUih,  is  really  found  to  include,  tf  examined  under  a  ^  or  ^, 
■■ullitudes  of  extremely  minute  and  ap[iarently  spherical  particles,  each 
''•bkh  ts  probably  endowe<l  with  active  motor  power,  pi.  XLVI,  p.  1 72, 
"ji  li.  7.  Tne  green  chlorophyll  masses  arc  urged  on  by  the  actively 
■""rioj  particles  of  bioplasm.  One  portion  of  the  active,  colourless, 
■wing  matter  is  seen  to  outstrip  another  portion,  amongst  which  it 
fiduUy  blends  and  as  it  were  incorporates  itself,  to  be,  in  its  turn, 
"fctrippcd  by  other  portions.  The  direction  in  which  the  contents 
■w^cround  the  cell  is  shown  in  fig.  j,  |>1.  I-Il,  4).  200. 

Solid  panicles  of  high  refracting  power,  and  easily  seen,  are  often 
Mi|icndcd  in  moving  biopl.tsm,  and  appear  to  move  of  themselves, 
"Ae  in  ivality  they  arc  itcrleclly  [lossivc  and  are  but  carried  in  tlie 
'M*ing  stream.  Sometimes  these  are  formed  from  the  bioplasm  itself, 
•ofctimcs  they  are  foreign  particles,  perhaps  bacteria  or  allied  germs 
•Kdi  have  entered  from  without.  Solid  particles  of  various  kinds  may 
'<  Ken  commonly  enough  embedded  in  the  transparent  moving  bioplasm 
''ike  ordinary  amajha.  Pus  and  mucus  corpuscles,  and  many  other 
''Xns  of  biopptasm,  also  contain  extremely  minute  panicles,  the  nature 
"  -aliri  h  has  not  been  positively  determined,  as  well  as  foreign  i)anides 
■ittih  Ucomc  included  by  the  mass  projecting  itself  around  them. 

'Hie  hairs  from  the  flower  of  the  Virginian  spider-wort  (  TraJtaaniia 
'"luiiu)  d  well-known  garden  plant,  growing  in  Ixindon  nnd  large 
'^  alinottt  as  well  as  in  the  country,  are  beautiful  objects  for  studying 
"*  novemcnis  of  the  living  bioplasm  in  the  vegetable  cell  The  trans- 
P^'tntTiMtter  in  active  movement  contains  many  minute  highly  rcfrac- 
'^'^putiiles.  which  enables  one  to  detect  the  slightest  variation  of  the 
''''caioa  in  which  the  sia-am  sets. 
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The  moving  streams  are  very  narrow,  changing  their  direction  from 
time  to  time,  meeting  some  and  diverging  towards  others,  so  that  a 
network  of  moving  matter  results,  which  lies  upon  the  sur&ce  of  and  in 
part  amongst  the  beautiful  purple  fluid  which  occupies  the  cavity  of  the 
cell,  and  gives  its  colour  to  the  hair. 

In  pi.  lAl,  p.  aoo,  fig.  i,  a  branch  of  Anachaiis  alsinastrum  is  reiwe- 
sented.  It  consists  of  long  slender  stems  which  bear  a  series  of  three 
narrow  leaves  of  a  pale  green  colour  at  intervals  of  about  a  quarter  (^ 
an  inch  apart.  The  leaves  when  full  grown  seldom  exceed  a  length  of 
three-eighths  of  an  inch.  Fig.  4  shows  the  irregular  shape  and  position 
of  the  cells  in  one  of  the  leaves  of  this  plant.  The  thickness  of  the 
central  part  of  the  leaf  is  composed  of  two  layers  of  such  cells,  but  at 
the  margin  only  one  layer  exists.  Fig.  2,  represents  one  of  the  hollow 
spines  or  hairs  at  the  margin  of  the  leaf  of  the  Anacharis.  It  :q>pean 
that  when  the  circulating  corpuscles  arrive  near  the  apex  of  the  spine 
where  the  cell  wall  is  undergoing  induration,  as  shown  by  a  brown  dis- 
coloration, they  do  not  pass  quite  to  the  apex,  but  are  invariably  hurried 
across  the  cell,  as  seen  at  ^  in  the  figure.  The  three  drawings  above 
referred  to,  have  been  taken  from  Mr.  Wenham's  paper  "  On  the  Cir- 
culation in  the  Leaf  Cells  of  Anacharis  Alsinastrum  "  ("  Microscopical 
Journal,"  vol.  Ill,  p.  281). 

In  pi.  LII,  fig.  2,  is  represented  a  hair  or  spine  from  the  stalk  of 
Anchusa  paniculata,  one  of  the  Boragineae.  This  is  also  taken  from  a 
drawing  by  Mr.  Wenham  ("  Microscopical  Journal,"  vol.  Ill,  p.  49).  The 
mode  of  growth  and  circulation  of  the  corpuscles,  moved  as  I  believe  by 
the  bioplasm,  are  well  shown.  These  accumulate  and  gradually  become 
converted  into  the  tissue  of  which  the  spine  is  composed.  Mr.  Wenham 
well  describes  this  process  as  follows :  a  dense  current  of  coipusdes 
travels  along  one  wall  of  the  spine  constantly  returning  by  the  opponte 
side  6,  b.  At  c,  where  the  dcpo.sition  occurs,  there  is  a  considerable 
accumulation,  and  at  the  boundary  where  they  are  converted  into  the 
substance  of  the  spine  a  number  are  seen  to  be  adherent  Oftoi  m 
specimens  of  this  plant  the  deposition  has  been  so  rapid  that  there  was 
not  suflicient  time  for  the  complete  condensation  of  the  component 
corpuscles.  In  these  instances  a  number  of  them  have  been  cau^t  and 
loosely  enclosed  in  one  or  more  cavities,  as  shown  at  d,  d.  The  walb 
of  these  containing  cavities  do  not  possess  a  definite  outline,  becatne 
they  are  lined  with  corpuscles  in  all  their  different  stages  of  tiansitioa. 
The  course  which  the  current  takes  in  some  vegetable  cells  is  indicated 
by  the  arrows  in  fig.  3,  after  Dr.  Branson. 

Vallisneria,  chara,  nitella,  and  anacharis  may  be  kept  without  diffi- 
culty in  glass  jars  in  our  rooms,  and  Tradescantia  will  grow  in  pots  out- 
side the  window,  and  flower  freely  even  in  Londoa  If  pale  or  white- 
flowered  plants  be  selected  for  observation,  the  description  above  given 
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will  apply  except  that  instead  of  the  fluid  in  the  cell  being  dark  purple 
— it  is  either  very  pale  or  colourless. 

But  the  phenomenon  is  to  be  studied  in  a  plant  much  more  widely 
distributed  and  more  easily  obtained  than  any  of  those  above 
mentioned,  the  common  nettle,  Uriica  diotca.  The  cells  of  the  stiff  hairs 
upon  a  youi^  leaf  generally  show  cyclosis  very  distinctly,  and  the 
movement  may  be  seen  in  the  hairs  of  nettles  grown  in  fern  cases.  In 
the  young  cuticular  cells  movement  may  also  often  be  seen. 

Pollen  Tubes. — Of  all  the  wonderful  sights  to  be  seen  in  the  micro- 
scope, I  think  the  growth  of  the  pollen  tubes  is  the  most  striking.  If 
ripe  pollen  of  a  lily  be  placed  in  a  little  of  the  clear  viscid  Suid  formed 
upon  the  stigma,  and  covered  with  thin  glass  and  examined  under  a  quarter 
of  an  inch  object  glass,  or  higher  power,  the  pollen  tube  may  be  seen 
to  extend  itself  white  at  the  same  time  the  fertilising  particles  suspended 
in  the  fluid  within  are  seen  in  the  most  active  motion.  This  phenomenon 
is  to  be  seen  in  the  pollen  of  many  plants,  but  that  of  IMium  auratum  or 
Lilium  sptdosum,  as  was  noticed  by  a  writer,  I  think  in  "  Science 
Gossip,"  affords  very  satisfactory  results.  And  now  that  both  lilies  are 
so  common  in  this  country,  and  can  be  well  flowered  in  London,  they 
are  perhaps  the  best  plants  to  obtain  for  this  purpose. 

The  circulation  in  the  cells  of  Vallisneria,  and  the  movements  of  the 
cilia  of  small  animalcules  of  ciliated  cells  under  a  high  power  with  the 
new  binocular  of  Messrs.  Powell  and  Lealand,  p.  15,  once  seen  can 
never  be  foi^otten,  for  the  mind  seems  to  have  realised  the  actual  state 
of  things  occurring  during  the  life  of  the  living  thing,  in  a  manner  which 
before  was  not  possible. 

OK  THE  NATURE  OF  VITAL  AND  OTHER  MOVEMENTS  OF  LIVING  BEINGS. 

I  propose  now  to  offer  a  few  general  observations  upon  the  nature  of 
the  different  kinds  of  movements  which  occur  in  living  things,  many  of 
which  have  been  referred  to  in  the  foregoing  sections,  and  which  are 
of  the  greatest  interest  from  a  philosophical  as  well  as  from  a  micro- 
scopical point  of  view. 

Hitherto  many  of  the  movements  occurring  in  living  things  have 
been  referred  to  the  supposed  inherent  property  of  contractility,  and 
strange  to  say,  the  very  authorities  who  never  lose  an  opportunity  of 
ridiculing  and  condemning  those  who  attribute  vital  changes  In  things 
living  to  the  influence  of  a  peculiar  force  or  power — vitality,  do  not 
hesitate  to  refer  the  movements  taking  place  in  contractile  textures  to 
the  mystical  property  of  contractility.  Of  course  they  give  no  definition 
of  contractility,  nor  do  they  attempt  to  define  what  they  mean  by  the 
word.  They  do  not  show  in  what  this  supposed  property  resembles  or 
differs  from  other  properties  supposed  by  them  to  belong  to  primitive 
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matter.      They  do  not  even  state  whether  this  contractility  may  be 
manifested  by  things  non-living. 

By  many  well-known  facts  the  unprejudiced  have  been  convinced 
that  the  difference  between  living  and  non-living  is  absolute.  The  asser- 
tion that  the  non-leiiing  passes  by  gradations  into  the  living  is  not 
justified  by  the  present  state  of  scientific  knowledge,  and  is  contradicted 
by  facts  of  observation  and  experiment  Thou^  widely  taught  in 
these  days  the  statement  is  a  false  statement. 

Some  very  remarkable  phenomena  which  distinguish  living  from  rum- 
living  matter  may  now  be  observed  under  the  microscope  with  the  wd 
of  high  powers.  There  is  no  department  of  natural  knowledge  in  which 
a  greater  advance  is  to  be  noticed  than  in  this,  and  the  facts  which  have 
been  recently  discovered  enable  us  to  draw  a  sharp  and  well-defined 
line  between  living  things  and  the  various  forms  of  non-living  matter, 
whether  of  simple  or  of  complex  composition.  If  as  investigation  still 
further  advances  the  facts  already  known  are  added  to,  and  the  con- 
clusions arrived  at  fi-om  recent  researches,  supported  by  new  observar 
tions  and  experiments — the  inference  that  vital  phenomena  are  due  to 
the  operation  of  some  agency,  force,  or  power  in  living  matter,  distinct 
from  every  kind  of  physical  force  operating  in  non-living  matter  will  be 
irresistible,  and  will  be  received  as  true,  notwithstanding  the  arrogant  de- 
nunciations and  the  prophetic  announcements  of  material  evolutionists. 

If  the  student  studies  this  question  carefully,  he  will,  I  think,  find 
that  much  confusion  has  arisen  from  the  attempt  to  account  for  several 
essentially  different  kinds  of  movement  by  one  property,  contraciitity. 
Thus  any  tissue  which  alternately  becomes  shortened  or  lengthened, 
gaining  in  one  diameter  what  it  loses  in  another,  is  said  to  be  con- 
tractile, while  on  the  other  hand,  that  which  moves  in  every  conceivable 
direction  is  said  to  do  so  by  virtue  of  the  same  property.  It  is  not, 
however,  very  easy  to  see  how  two  such  essentially  different  movements, 
as  repeated  acts  of  contraction  and  relaxation  within  a  definite  space,  and 
the  actual  moving  away  of  a  mass  from  one  place  to  another  place,  can 
depend  upon  one  and  the  same  property.  Essentially  difierent  move- 
ments occurring  in  living  things  really  depend  as  would  be  supposed 
upon  different  circumstances  and  are  not  all  of  the  same  nature.  The 
movements  occurring  in  living  beings  may  be  arranged  as  follows  : — 

1.  Primary  or  Vital  Movements — affecting  matter  in  the  living 
state  only,  as  seen  in  the  amaeba,  white  blood  corpuscle,  and  in  bioplasm 
or  living  matter  generally,  pi.  LIV,  p.  206,  figs,  i,  2. 

2.  Secondary  Movements — the  consequence  of  vital  movements,  or 
of  other  phenomena,  acting  upon  matter  which  is  not  in  a  living  state: — 

a.  Ciliary  Moi'emmts. — Probably  due  to  alterations  in  the  quantitj' 
of  fluid  within  the  tissue,  the  changes  in  the  proportion  of  fluid 
being  brought  about  by  the  action  of  the  bioplasm  or  living  matter. 
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A  Afutat/ar  Movtmtnts. — Due  to  a  disturbanof  (eleclncal  or  other- 
wise) in  the  neighbourhood  of  a  "coninclile"  tissue — that  is,  a 
stnicturc  !»  disposed  thai  its  constituent  particles  shall  be  sus- 
ceptible of  cenaiD  temporary  alterations  in  position,  whichalter- 
ations  take  place  in  certain  definite  directions  only. 

^.  Xfffifemenis  ef  Solid  Pariida  sttipftuifd  in  Fiuid  in  CVfff,  caused  by 
Currmts  in  the  Ftuid,  as  the  pigmcnLiiy  matter  in  the  pigment 
cells  of  ihe  frog. — Due  to  the  motion  of  the  fluid  as  it  passes 
into,  or  out  of,  the  cell,  through  its  ]>ermeable  wall ;  thl»  movement 
being  dependent  upon  changes  taking  ]tlace  external  to  the  cullf  oc- 
casioned by  alterations  in  the  vessels,  and  by  other  drcumslonces. 

«^.  Mfiiecu/ar  Bnnvnian  MtnvMents. — Which  affect  all  insoluble  par- 
ticles, nctt'living  as  well  as  /iving,  in  a  very  minute  state  whetl 
suspended  in  a  fluid  not  viscid. 

Ofthf  Primary  or  Viiai  M&ifm<nh  occurring  in  Living  Beings. 

This  kind  of  movement  is  jieculiar  to  matter  in  the  li%-ing  stale,  and 
*  *>«  tnowTi  to  occur  in  any  matter  which  has  not  been  derived  from 
**ttef  m  a  living  stale.  The  movements  cannot  be  imitated.  They  cease 
""en  death  occurs,  and  having  once  ceased,  they  cannot  be  caused  to  ce- 
"Ppetr  in  the  same  particles  of  matter.  Excellent  examples  of  vita!  move- 
''*ents  ire  presented  in  the  common  amaha  .md  many  other  low  forms 
**•  life,  in  the  white  bloed  corpuscles^  in  mucus  and  pus  ayipiiscles,  and  less 
*fininctly  in  the  bioplasm  (nuclei)  of  many  tissues  of  the  higher  animals. 

Amabff  c-jn  always  be  obtained  by  placing  a  small  fragment  of  animal 
***fttler  in  a  wine-glass  full  of  water  and  leaving  it  in  a  light  ]iart  of  the 
'^*oin  for  a  few  days.  I  have  found  it  convenient  to  introduce  a  few 
^laments  of  the  best  cotton  wool  into  the  water.  The  amtchrc  colleci 
""longM  the  fibres  and  are  by  them  protected  from  the  pressure  of  the 
^in  glass  when  placed  on  the  gLLSS  slide  for  examination.  An  imper- 
''^ct  idea  may  be  formed  of  the  changes  taking  place  in  the  form  of  the 
•"ost  minute  amxbiie  by  reference  to  fig.  I-IJI,  p.  204,  fig.  5.  Mucus 
"^^'Jiutilet  in  the  mucus  upon  the  surface  of  the  mucous  membrane  of  the 
Ur-|attagc8,  white  blood  corpuscles,  and  pus  corjiusclcs,  exhibit  similar 
"^o^HDcnis,  fig,  7.  Changes  in  form  maybe  seen  to  occur  slowly  in  the 
''**sliU%m  of  the  cornea  of  the  frog  and  other  animals.  Soon  after  death 
''  >^hnnkiiig  or  collapse  of  the  soft  bioplasm  of  nil  cells  takes  place,  and 
"^^  iheration  has  led  lo  the  idea  that  many  masses  of  bioplasm  (nuclei) 
'*  anbedded  in  spaces  or  vacuoles  in  the  tissues.  During  life,  and 
^^Prcially  in  Uie  early  and  more  active  period  of  growth,  the  bioplasm 
'^  liTing  matter  is  continuous  with  the  tissue,  and  the  shrinking  and 
"teaikm  in  <iuesUon  are  due  lo  changes  which  immediately  follow  the 
"*Mh  of  this  living  mailer. 

The  bioplasm  of  which  ova  consist  u>,  in  many  cases,  the  scat  of 
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active  vital  movements,  which  may  he  studied  without  difficulty.  In  tVie 
ova  of  the  cumnion  water  snail  (/imntrus  stagna^is)  complete  rotati<^ 
occurs,  and  the  embryo  from  an  early  period  is  co«r«i  with  ciXu. 
Changes  in  form  may  be  observed  ia  the  ova  of  amphibtoira  rcptil«s, 
particularly  the/ifyand  navt.  Those  oft\icf>ikt,  stiiklcbaci,  and  m^LXif 
osseous  fishes  are  particularly  favourable  for  observation  (Ransonn), 
The  stickleback  can  be  easily  kept  by  the  microscopist  in  an  aquaritxxs. 
They  sometimes  breed  in  confinement,  and  the  sort  of  nest  which  >* 
tn-ide  for  ihe  proteclion  of  the  young  and  guarded  by  the  male,  is  ^'^ 
object  of  great  interesL 

The  movements  in  the  bioplasm  of  the  higher  animals  (mucus,  pi**i 
can  be  distinctly  seen  with  a  twclftii  of  an  inch  object-glass,  but  it  is  o&^^*_ 
necessary  to  examine  one  particular  corpuscle  very  attentively,  forh^** 
a  mimnc  or  more.     In  some  cases  the  changes  in  fomi  are  so  slow  tk  -^^ 
the  obsenfer  who  looks  at  the  object  for  ihe  first  time  cannot  sati» 
hunself  of  the  actual  orciiirenc^  of  the  movement  at  aU.     Ittsabs 
lutcly  tjsfless  lo  aliempi  observations  of  this  kind  in  on  otT-hand,  $b| 
dash  manner.    Those  who  desire  to  have  the  dehght  of  pondering  O^i 
such  changes  will  gladly  fiiui  ilic  leisure  to  observe  the  facts.     This 

ju*t  one  of  those  phenomena  which,  having  been  well  seen  once  ca A 

generally  be  detected  afterwards  without  much  difficulty.     Under  ih^^ 
si-vleenth,  twenty-fifth,  or  fiftieth,  the  alterations  in  form  can  be  studie 
very  successfully,  and  there  arc  few  things  more  wonderful,  or  which  wi 
furnish  more  interesting  matter  for  careful  thought  and  for  valuable  ac 
useful  s])eculaiion. 

The  movements  I  have  described  in  the  last  few  paragraphs  as  riA 
mavanmts  I  regard  as  primary,  and  think  that  the  power  of  movenii 
exists  in  connection  with  the  matter  of  which  each  small  portion  of  th 
moving  mass  is  composed.  It  may  be  to  some  minds  unsatisfactory  V 
attribute  the  jjhcnomcnon  to  the  influence  of  a  power  of  the  nature 
which  nothing  is  known,  but  it  is  surely  better  to  do  this  for  the  pri 
than  to  as.sert  that  these  movements  are  due  to  physical  force,  or 
some  "  madiinery  "  of  the  physical  imagination,  considering  that  in 
one  single  instance  can  the  phenomenon  be  explained  by  any  kuuii^ 
laws  of  matter  or  motion.  Kvery  unprejudiced  jxr&on  who  thorou^l 
studies  the  movements  .ind  carefully  thinks  over  the  facts  of  the  c»e^ 
will,  I  feel  sure,  find  himself  compelled  to  admit  that  they  cannot  b^ 
accounted  for  in  the  present  state  of  our  knowledge,  without  amimin^ 
the  existence  of  a  fvtf/r,  which  is  peculiar  and  which  may  fairly  be  caDefC' 
viial,  to  distinguish  it  from  every  other  force  or  power  in  nature. 

0/  Grototh  and  AtuUiplUaUon. — Almost  insc|iarable  from  the  con- 
Eidcration  of  the  nature  of  the  movements  occurring  in  living  things,  is 
the  study  of  the  ojierations  by  which  particles  are  added  to  and  often 
lifted  much  above  other  particles  in  the  process  of  grvwlhy — a  uni^-crsal 
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characteristic  of  things  that  live.  The  observer  who  aims  at  studying  the 
remarkable  and  highly  interesting  phenomena  of  germination,  growth, 
and  multiplication  of  cells  or  elementary  parts  in  the  tissues  and  organs 
of  living  beings,  in  health  and  disease,  will  find  it  absolutely  necessary  to 
investigate  these  processes  in  the  simplest  living  organisms,  where  they 
occur  under  conditions  far  less  complex  than  those  which  obtain  as 
regards  man  and  other  vertebrata.  He  must  exercise  the  utmost  caution 
in  drawing  inferences  from  what  he  does  see  or  rather  thinks  that  he 
sees,  and  he  must  always  bear  in  mind  that  great  and  irreconcilable 
differences  of  opinion  exist  among  even  distinguished  observers,  with 
regard  to  the  general  nature  of  the  changes  which  take  place  when,  for 
example,  a  spore  of  common  mildew  begins  to  grow,  or  an  insignificant 
bacterium  gives  rise  to  new  bacteria-  How  then  is  it  likely  that  the 
mode  of  growth,  origin,  and  multiplication  of  some  of  the  highly 
complex  structures  formed  in  man,  especially  in  the  course  of  disease, 
can  be  described  with  anything  like  correctness  and  the  causes  of  them 
ftiUy  explained  to  the  student  ? 

It  has  been  stated  over  and  over  j^ain  that  living  bacteria  originate 
in  decomposing  matters,  and  one  who  has  recently  written  on  the 
subject  thinks  that  he  has  seen  the  fibrillx  of  muscle  resolve  themselves 
into  such  living  bodies!  It  is  always  necessary  to  be  on  our  guard 
against  the  acceptance  of  observations  (!)  of  this  kind.  Those  who 
have  had  much  experience  in  the  manufacture  of  pseudo-bacteria,  could 
produce  a  number  of  objects  and  advance  facts  and  arguments  which 
would  probably  fully  convince  any  inexperienced  person  that  there  was 
abundant  evidence  to  prove  that  bacteria  were  but  the  modified 
particles  of  certain  tissues,  notwithstanding  that,  in  truth,  the  evidence 
entirely  points  the  other  way.  Perfect  looking  bacteria  may  be  pro- 
duced readily  enough  by  gently  warming  over  a  spirit-lamp  a  little  blood 
placed  on  a  glass  slide  and  covered  with  thin  glass.  From  the  red  blood 
corpuscles  under  these  circumstances  numerous  very  narrow-jointed 
filamentous  processes  are  seen  to  project,  and  from  their  constant  vibra- 
tion and  molecular  movements  these  might  easily  be  taken  for  living 
bodies,  pL  LIV,  p.  206,  figs.  4,  6.  Sometimes  they  become  detached 
and  move  about  in  a  manner  much  resembling  certain  forms  of  bacteria. 
At  the  same  time  any  one  familiar  with  investigations  of  this  kind 
would  be  deceived  neither  by  the  general  appearance  nor  by  the  move- 
ments of  these  bodies.  Living  bacteria,  like  other  living  things,  come 
from  germs  formed  by  pre-existing  living  things,  like  themselves. 

The  student  will  learn  many  most  important  facts  by  watching  the 
germination  of  the  common  mildew,  and  studying  the  different  appear- 
ances of  the  plant  when  developed  under  different  circumstances, 
pL  LIV,  p.  206,  fig.  3.  The  student  should  also  study  the  growth  and 
rauldpUcation  of  yeast-cells  in  weak  syrup,  pL  LIII,  fig.  4.     It  is  ev 
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ceedingly  instructive  to  watch  the  growth  of  the  spongioles  of  a  yoatbss 
plant  (mustard  seed,  wheat,  mignonette,  or  better,  any  much  small^ 
seed),  as  they  grow  under  the  thin  glass.  Fluid  may  be  constantly 
supplied  according  to  the  plan  described  in  p.  77. 

The  observations  of  Dr.  Drysdale  and  the  Rev.  H.  Daltinger,  pub. 
lished  in  the  "Proceedings  of  the  Royal  Society,"  1877,  and  in  the 
"  Transactions  of  the  Royal  Microscopical  Society,"  should  be  refeired 
to,  and  the  ingenious  arrangements  adopted  for  maintaining  an  evea 
temperature  are  especially  worthy  of  study  by  those  who  intend  to 
institute  original  enquiries  in  this  department. 

By  dint  of  a  little  really  careful  observation  the  student  will  soon  ' 
leam  to  distinguish  purely  vital  phenomena  from  mere  physical  and  ' 
chemical  change,  and  will  be  able  to  judge  concerning  the  value  of  the  i 
arbitrary  dicta  of  those  who  persist  in  asserting  that  phenomena  whidi  | 
have  nothing  whatever  in  common,  are  of  the  same  nature  and  duett 
the  same  cause.  Would  no  other  conclusions  have  afforded  support  to  ' 
the  infallible  views  proclaimed  concerning  what  has  been  termed  uni^? 

Of  the  Secondary  Movements  occurring  in  lAving  Bein^. 

Ciliary  Movement  has  been  already  referred  to  in  pp.  193,  194,  and 
muscular  contraction  in  p.  189. 

Of  Molecular  Movements. — When  any  solid  matter  in  an  exceed- 
ingly minute  state  of  division  ts  suspended  in  a  limpid  fluid,  every  one 
of  the  minute  particles  is  seen  to  be  in  a  state  of  active  moti<Hi  ox 
vibration  in  the  neighbourhood  of  other  particles.  These  molecular 
movements  have  often  been  mistaken  for  vital  movements.  If  som.^ 
bacteria  developed  in  any  decomposing  water  be  exposed  to  a  tempen^ 
ture  of  200°  they  are  destroyed,  but  although  quite  dead,  mokeula^ 
movements  still  occur.  If,  however,  the  movements  of  the  dead  particles 
be  compared  with  those  of  living  bacteria,  a  great  difference  will  be  dis- 
cerned. Probably  many  movements  of  particles  occurring  in  cavities  in  * 
crystals  are  of  the  same  nature.     See  p.  235. 

Movements  of  Granules  within  Cells. — The  movement  of  insoluble 
particles  from  one  part  of  a  cell  to  another,  as  occurs  in  the  radiating 
pigment-cells  of  batrachia  (frog,  toad,  and  newt),  is  probably  due  to 
alterations  in  the  direction  of  the  flow  of  fluid  in  the  ce\\%,~from  the 
cavity  of  the  cell  towards  the  tissues,  qt  from  the  surrounding  tissue  ints 
the  cell.  If  the  capillaries  were  fully  distended,  fluid  would  permeate 
the  walls  of  the  cells  and  would  pass  into  their  cavity,  in  which  case  the 
insoluble  particles  would  gradually  become  diffused  and  would  pass  into 
all  parts  of  the  cell;  while,  on  the  other  hand,  if  the  capillaries  were 
reduced  in  diameter,  and  the  lateral  pressure  upon  their  walls  diminished, 
there  would  be,  as  is  well  known,  a  tendency  for  the  fluid  in  the 
surrounding  tissue  to  flow  towards  the  vessels  and  pass  into  their  in- 
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terior.  In  this  case  the  quantity  of  fluid  in  the  cells  would  become 
gradually  reduced,  and  the  insoluble  particles  would  become  aggregated 
together,  and  would  collect  in  those  situations  where  there  was  most 
space,  as  in  the  central  part  of  the  cell  around  the  bioplasm.  Moreover, 
in  the  last  case,  the  flow  of  fluid,  which  constantly  sets  towards  the 
bioplasm,  would  be  instrumental  in  drawing  the  particles  in  this  same 
direction,  while,  if  the  cell  contained  a  considerable  portion  of  fluid, 
the  currents  would  pass  between  the  particles  without  moving  them. 
Evaporation,  as  it  occurs  after  death,  causes  concentration  of  the  in- 
soluble particles  towards  the  centre  of  the  cells. 

On  the  other  hand,  the  changes  in  these  pigment-cells  of  the  frog 
have  been  considered  by  Professor  Lister  to  be  due  to  vital  actions,  and 
he  agrees  with  Wittich  and  others  who  believe  them  to  be  under  the 
immediate  control  of  the  nervous  system.  Indirectly,  no  doubt  they  are 
so,  but  I  do  not  think  that  any  experiments  have  proved  satisfactorily 
that  the  nerves  exert  any  direct  influence  upon  the  movements  of  the 
particles  in  these  cells.  It  is  well  known  that  the  nerves  govern  the 
calibre  of  the  vessels,  and  thus  influence  the  amount  of  fluid  in  the 
surrounding  tissues,  and  in  this  indirect  manner  nerves  may  be  said  to 
affect  the  movements  of  the  particles  in  the  cells.  The  reader  will  find 
a  full  account  of  Professor  Lister's  experiments,  and  the  arguments 
deduced  from  them,  in  his  paper  "On  the  Cutaneous  Pigmentary  System 
of  the  Frc^,"  published  in  the  "Philosophical  Transactions"  for  1858. 

Some  of  the  most  remarkable  movements  of  minute  particles  in  so- 
called  cells  are  seen   in  the  corpuscles  suspended  in  the  saliva  and 
derived  from  the  follicles  of  the  salivary  glands.     These  movements  can 
be  seen  with  a  jgood  quarter  of  an  inch  object^lass,  but  to  detect  the 
moving   particles  themselves,  an  objective  that  magnifies  upwards  of 
five  hundred  diameters  is  desirable.    I  have  attempted  to  give  an  idea  of 
the   appearances  seen  under  a  still  higher  power  in  pi.   XLI,  p.   168, 
fig.  4.    The  precise  nature  of  these  moving  particles  is  unknown.    They 
seem  to  be  solid,  and  to  be  very  freely  moving  in  a  fluid  that  cannot  be 
viscid.     They  look  very  like  bacteria  germs,  but  whether  they  are  of  this 
nature  and  are  the  agents  concerned  in   effecting  the  conversion  of 
starch  into  sugar,  as  invariably  happens  if  a  little  solution  of  starch  be 
held  in  the  mouth  for  a  minute  or  two,  is  not  certain. 

ON      THK    PREPARATION   AND   EXAMINATION    OF    MINERALS,    ROCKS,    AND 
FOSSILS   UNDER   THE   MICROSCOPE. 

The  articles  under  this  heading,  with  the  exception  of  those  prepared 
by  Mr.  Sorby,  F.R.S.,  have  been  very  kindly  given  to  me  by  my  friend, 
Mr.  Frank  Rutley,  of  the  Geological  Survey,  and- will,  I  am  sure,  greatly  en- 
hance the  usefulness  of  this  portion  of  How  to  Work  with  the  Microscope. 
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Within  the  last  ten  years  a  considerable  amount  of  work  has  been 
done  by  means  of  the  microscope,  in  the  examination  of  thin  sections  of 
minerals  and  rocks,  but  although  much  has  been  written  on  the  Continent, 
and  especially  in  Germany,  our  own  literature  upon  this  subject  is  still 
but  limited.  Some  valuable  papers  upon  special  branches  of  research 
have,  it  is  true,  been  published  in  this  country,  together  with  one  or  tw© 
of  a  more  general  character,  but  as  yet  there  is  no  English  book  upon  the 
subject  sufficiently  extended  to  indicate  the  sj'stematic  course  of  exami- 
nation which  it  is  essential  for  the  student  of  petrology  to  pursue.  The 
few  following  pages  are  written  rather  to  point  out  some  of  the  difficulties 
which  attach  to  the  microscopic  study  of  rocks,  than  to  attempt,  in  the 
present  imperfect  state  of  our  knowledge,  to  lay  down  with  confidenoe 
propositions  which  may  eventually  prove  erroneous. 

The  sedimentary  rocks,  such  as  sandstones,  slates,  skaies,  and  &■*■ 
stones  can  easily  be  identified  with  the  unaided  eye,  and  when  a  micro* 
scopic  examination  of  such  rocks  is  resorted  to,  it  is  mainly  for  the 
purpose  of  detecting  the  presence  of  minute  crystals  or  fragments  of 
minerals  which,  in  the  absence  of  microscopic  scrutiny,  would  ofteo 
remain  unnoticed,  but  whose  presence  may,  in  some  cases,  serve  n 
a  clue  to  the  source  from  which  the  sediment  composing  the  rock  mt 
originally  derived,  while  in  some  instances  minute  crystals,  which  haic 
subsequently  been  developed  in  the  rock,  are  to  be  discerned  under  t 
high  magnifying  power. 

Microscopic  examination  of  limestones  is  also  usefiil,  inasmuch  as 
many  of  these  are  composed,  to  a  considerable  extent,  of  the  mimrte 
calcareous  tests  oi  foramini/era,  and  of  other  diminutive  organisms,  aivl 
instances  occasionally  occur  in  which  fragments  of  sedimentary  rocks  lie 
embedded  in  lavas  of  various  ages,  and  a  determination  of  the  geolc^ioi 
horizon  to  which  such  organisms  may  be  referred,  is  often  a  matter  of 
considerable  interest  The  remains  of  the  small  organisms  in  Umestmies 
may  be  rendered  perceptible  under  the  microscope,  either  by  examination 
of  a  surface  of  the  rock  by  reflected  light  or  by  grinding  a  smooth  sur&ce 
and  causing  erosion  of  the  rock  with  a  weak  acid,  so  that  the  orgaac 
remains  are  left  in  relief ;  also,  by  cutting  thin  sections  of  the  rock  and 
examining  them  by  transmitted  light,  or,  if  the  limestone  be  soft  aiL<3 
friable,  by  macerating  it  tn  water  and  separating  the  small  oiganisms  1»3 
levigation.     Seep.  loo. 

It  is  the  examination  of  eruptive  rocks,  and  of  rocks  whose  oiigin^^^ 
structure  has  been  modified  by  partial  or  complete  rearrangement  of  th^^  — 
components  by  heat,  whether  derived  from  the  contact  or  proximity  c:^' 
eruptive  masses  or  from  other  sources,  that  will  furnish  the  observer  wit^-^ 
many  facts  of  great  interest,  for  it  is,  indeed,  scarcely  possible  to  examine  * 
a  section  of  any  of  these  rocks  without  discovering  numerous  points  ot*^ 
striking  importance,  while  the  polariscope,  p.  3zo  (besides  its  value  a^^ 
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instiamcnt  of  investigation),  displays  the  objects  under  conditions  bo 
tractive  liiat  the  obscn'cr  often  fccis  comiwlled  to  ca|5y  an  oljject 
itch,  if  seen  by  ordinary  illumirution  he  would  kudly  take  the  trouble 
lecofrf.  On  drawing  xnd  engraving  objects,  sup.  31. 
The  information  to  be  given  in  the  next  few  images  will  be  most 
wiwnicniiy  ananged  under  the  four  heads : — i.  Re<]Uisite  Implements 
d  Materials;  iL  Hint*  on  the  Preparation  of  Sections;  iii.  Examina- 
jn  of  Minerals  ;  iv.  Fwrnirution  of  Rorks. 
«««.   HMiuIalie  lmi>lPnt«nta   and    n^trrl*!*. — MictVSMpf. — A  gOod, 

trtntg,  steady  instrument,  with  a  Urge  stage,  will  be  found  mtHt  con- 
lienL  It  should  be  supplied  witli  a  polariscope,  the  analyser  fitting 
the  eye-piece  so  that  it  can  be  easily  removed  and  replaced.  A 
iccond  analyser  to  screw  above  the  objective  b  also  useful  at  times, 
whtn  good  illumination  is  imixtrtanl  or  when  il  is  not  constantly  nece*- 
*uf  to  remoi-c  the  aiulj*scr.  The  polarising  prism  should  also  be  fitted 
in  mrh  3  manner  that  it  can  easily  be  removed.  It  ought  to  rotate 
■  under  the  finger.  It  is  convenient  to  have  the  milled  edge  made 
thick,  and  it  should  be  sufficiently  prominent  to  be  easily  found 
tad  worked  by  the  hand  while  Uie  observer's  eyes  are  otherwise 
ocn>|i!ed.  Low  power  objectives,  such  as  the  two-inch,  on&anda-half 
mk.  snd  tmeUnt/it  arc  the  most  generally  useful  for  the  examination  of 
onsL  .A  hi^;ht'r  |x>wer  than  the  i/uarlfr-im/i  ts  seldom  wanted- 
ives  with  small  angular  aperture  arc  to  be  preferred,  as  they 
pOKOt  great  iKtictration.  The  m)CTo>.sco]}e  should  be  provnded  with  a 
It  rerteclor,  or  with  a  cainera-lucida  for  drawing  the  outlines 
(p.  33,  pL  XVII,  figs.  4  and  5),  while  a  movable  needle  fitted 
eyr-piecc  vriU  be  found  useful  for  registering  points  when  fUling 
details.  Il  is  Important  that  the  microscope-stage  should  rotate 
ically. 
A  hitUseye  (mdenser  or  other  good  means  of  illuminating  oparjuc 
B^KtJ  is  also  necessary.  A  shallow  metal  or  pasteboard  Iray  with  a 
bole  eat  in  it  scr\'cs  10  protect  the  stage  of  the  microscope  from  emery 
vsA  jnd  dust  when  unfinished  seaions  are  being  examined.  An 
flnlinaiy  glass  stage-plate  with  a  deep  flange  will  answer  the  same 
^ipose,  p.  7a,  pL  XXI,  lig.  I.  p.  36. 

A  armnwn  podtet-iem  is  essential,  as  by  its  means  minerals  may 
fi^riucntly  lie  identified  with  greater  case  and  certainty  Uian  when  \iewed 
Wdcr  higher  magnifying  powers.  This  is  especially  the  case  with  o^que 
•^cials  and  those  which  possess  a  high  mcL-illic  lustre. 

4  dtp  lens.     This  lens  which  is  figured  on  pi.  LV,  p.  2i»,  fig.  i, 
^  be  found  most  convenient  for  examining  hand  specimens  of  rocks, 
by  ti4  u-sf  both  hands  are  left  at  liberty,  the  one  to  hold  ihe  specimen 
'*!  the  other  to  use  a  gmver  or  knife  for  scTatching  and  tt-sting  the  hard- 
of  mtncxali     The  lens  should  not  be  of  less  than  an  inch  in  focus. 
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The  spring  clip  should  fit  the  nose  comfortably  but  firmly.  The  o 
care  required  in  its  use  is  to  avoid  cutting  or  puncturing  the  nose  vi 
using  a  knife  upon  a  hard  mineral.  There  is,  however,  but  little  risk  of  tl 
and  the  danger  may  be  obviated  either  by  using  a  sharp  hook-shaf 
])oint,  so  that  the  stroke  is  made  from,  instead  of  towards,  the  nose, 
by  employing  a  lens  of  longer  focus,  but  one  which  has  about  an  ir 
and  a-half  focal  distance  is  the  most  useful.  This  Uttle  clip  may  be  i 
proved  upon  by  arranging  it  so  that  it  will  carry  various  lenses.  1 
one  which  I  first  devised  was  made  by  Mr.  Baker,  of  Holbom.  A  wat 
maker's  loup  may  be  used  for  the  same  purpose,  but  to  hold  it  well 
front  of  the  eye  by  the  pressure  of  the  muscles  requires  some  practice 
If^ire  gauze  spectacle^.  When  these  are  not  used  there  is  some  r 
of  knocking  splinters  into  the  eyes  when  chipping  very  hard  rocks. 

A  knife  with  a  good  hard  point  for  scratching  minerals.  A  pair 
large  pliers  for  crushing  off  small  fragments  of  stone.  A  magnetic  net 
and  some  blowpipe  apparatus  will  also  be  necessary  for  the  prelimin; 
examination  of  minerals  and  rocks. 

A  small  hammer  yi\\}n  on.^  end  square  and  flat  and  the  other  « 
chisel-shaped  is  necessary  for  flaking  off  chips  from  rocks  and  minera. 
A  small  cold-chisel  or  for  very  soft  rocks  a  broad  carpenter's  chisel  i 
be  found  useful.  The  chips  struck  off  for  grinding  into  sectii 
should  be  as  thin  and  flat  as  possible,  and  it  is  better  to  devote  a  lii 
time  to  careful  chipping,  in  order  to  get  a  thin  flake,  than  to  expe 
much  time  in  grinding  down  a  thick  one. 

A  grinding  lathe.  There  are  various  patterns  of  machines  suitab 
for  grinding  sections  of  rocks.  Those  worked  by  a  treadle  are  mo 
generally  approved  of.  Machines  of  this  description  devised  by  Mr. , 
B.  Jordan,  of  the  "Mining  Record"  office,  are  manufactured  t 
Messrs.  Cotton  and  Johnson,  Grafton  Street,  Soho.  Small  machines,  t 
be  worked  by  hand,  are  now  made  in  Germany,  and  may,  I  believe,  t 
procured  of  R.  Fuess,  46,  Wasserthor  Strasse,  Berlin.  Some  of  tl 
German  petrologists  prefer  to  grind  their  sections  by  hand  upon  a  cas 
iron  plate  charged  with  coarse  emery,  and  to  finish  in  the  same  wi 
upon  a  plate-glass  slab,  upon  which  fine  emery  is  smeared,  the  who 
j)rocess  being  performed  without  any  special  mechanical  appliance, 
is,  however,  scarcely  possible  to  prepare  sections  of  hard  rocks  witho 
a  suitable  machine.  In  the  grinding  machines  the  work  is  perfonm 
either  by  a  revolving  leaden  disc,  which  is  smeared  with  emery  powd 
and  water,  or  by  a  prepared  disc  made  of  corundum  or  emery  powd 
held  together  by  some  binding  material.  The  discs  or  laps  have 
tendency  to  wear  into  hollow  ruts,  as  it  is  scarcely  possible  to  grii 
equally  over  every  part  of  the  lap.  When  these  hollows  become  deep 
new  face  should  be  turned  on  the  lap,  or  a  fresh  one  should  be  ca 
The  best  emery  to  use  on  these  laps  is  that  known  as  No.  i.    Slitti 
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dbcsforsairing  thin  slices  of  rock  are  supplied  with  these  machine!^ 
The  diics  are  of  iron  and  the  edge  of  the  disc  is  charged  wirh  diamond 
dad;  brirfc-oil  or  some  other  lubricant  being  used  to  diminish  thf 
fcoion  when  cutting.  Some  skill  is,  however,  needful  in  order  to  charge 
i  iToiHrrly.  The  piece  of  stone  to  be  ground  is  to  be  cemented 
>■  ■■  IcTS  wax  or  red  cement  in  a  small  metal  cup,  and  the  right 
flfpw  of  pressure  must  be  maintained  between  the  stone  and  the  disc 
•iafcllie  operation  is  bein^;  carried  on,  during  which  time  the  constant 
apjJiotion  of  the  hibricant  is  needful,  ll  is,  however,  much  clicapt-r 
Ad  always  much  less  troublesome  to  get  slices  ctJt  by  a  lapdary,  when 
llwi  are  really  retjuisite;  but,  in  the  majority  of  cases  a  good,  wtll- 
*fettnlchip  answcR  every  purpose,  except  in  those  cases  in  which  rr  is 
■KGKuy  10  make  a  section  in  a  given  direction  through  a  rock,  or 
pwlW  to  some  panicular  face  of  a  crj-stal. 

A  trast  fh^  u  re<(uired  upon  which  to  dnish  the  grinding  of  the  KC- 
Kons.  This  should  be  (terfectly  flat    A  slab  of  plate-glass  will  also  ansner. 

AmaU  cup  or  box  with  a  little  scoop  or  strip  of  tin  or  cardboard, 
fof  fee  flour-emery,  should  be  provided. 

A  tkiuk-ioUle.  The  construction  of  this  will  be  understood  by 
Pefcnaceto  pi.  UV,  p.  in,  fig.  5.  It  is  to  hold  water  for  moistening 
(lie  trnvj  on  the  Iwass  slab. 

Cerkffmps.  These  are  very  useful  for  firmly  holding  hot  slabs  of 
plilc-gUss.  They  may  easily  be  made  out  of  a  large  cork  and  an  old 
flit  of  compasses  as  represented  on  pL  LV,  fig.  61 

A»  irt^H  tri/HiJ,  and  an  iron,  a  brass,  or  a  copper  plate  to  rest  on  the 
'Ofk  Upon  this,  plate-glass  sbbs  and  slips,  &r.,  arc  warmed  by  a 
'uvn's  ^  jet,  or  by  a  small  spirit-lamp  placed  beneath.    Set  pi. 

WHli.48.  fig-  »- 

W*t{h  giatses  for  holding  turpentine,  &c,  for  baths. 
Atrtfha  aetdk  (lifting  needle)  pL  LV,  fig.  4,  with  the  hook  filed  oflF, 
•  ikniuing  needle,  will  be  useful  for  lifting  sections  fi^m  the  bath. 

^fttthii/i  liiade  fi.\ed  in  a  short  handle  for  scraping  away  Canada 
*^  &c,  pL  LV,  fig.  7. 

A  thrte  tJffJ  icraper  shaped  like  fig.  7,  pi.  LV,  is  ako  useful  for 
'*'*nfig  balsam  round  the  edges  of  co^-ercd  preparations  as  it  requires 
"■"ctancd  less  frequently  thaii  a  single  edge. 

A  fi/ifof  s/oui  fft/«  (pushing  bar)  pi.  L'f,  fig.  3,  with  one  end  fl-it- 

'nxd,  or  a  email  fiat  strip  of  metal,  for  pushing  the  section  off  its  slab. 

lluund  the  lifting  needle  may  be  made  out  of  a  piece  of  stout  wire 

*^  fiTe  inches  long,  one  end  being  sharpened  and  the  other  flattened. 

Tltii  snail  implement  will  answer  i>erfectly  well  and  will  require  no 

JwBe. 

A  writing  diamond  for  marking  slides  as  soon  as  [he  object  is  covered, 
m(  tliereby  diminishing  the  risk  of  any  mistake  in  the  labelling  of  ihe 
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section ;  useful  also  in  the  event  of  the  label  becoming  detached,  pL  XX, 

P-  54,  fig-  8- 

A  small  pair  of  forceps. 

Old  Canada  balsam  ;  the  older  the  better. 

New  Canada  balsam  in  a  wide-mouthed,  glass-capped  bottle  with  a 
glass  rod  for  dropping. 

Benzol,  in  a  stoppered  bottle.     Turpentine.     Paraffine. 

Plate-glass  slabs,  about  \  inch  thick  and  2  inches  square.  The  edges 
should  be  roughly  ground  before  they  are  used  Ordinary  plate-glass  slips 
3  inches  by  i  inch.     TTtin  glass  covers,  ranging  up  to  §  inch  diameter. 

Rags  and  dusters. 

S6I.  Ob  naklns  Sections  of  Koclu  and  GrrstalB.* — Comparativelj 
little  can  be  learned  of  the  structure  of  rocks  and  minerals  from  the 
examination  of  fractured  surfaces  by  reflected  light     Flat  polished  sui-  ,] 
faces  show  very  much  more,  but  nearly  all  the  important  facts  can  otAj    ' 
be  observed  by  examining  thin  sections  by  transmitted  lighL     What  is    ' 
really  requisite  is  to  have  portions  sufficiently  thin,  flat,  and  smooth  to    \ 
transmit  lighL     In  some  cases  fragments  of  clear  minerals   may  be    | 
broken  thin  and  flat  enough  to  show  certain  facts  very  well,  when    < 
mounted  in  Canada  balsam ;  and  in  this  manner  we  may  easily  study    ' 
the  fluid-cavities  in  quart?^  or  the  structure  of  such  rocks  as  obsidian    ' 
and  pitch-stone.    In  many  cases,  however,  we  must  have  Tecouise  to 
carefully  prepared  thin  sections.     The  details  of  the  method  of  pie- 
paring  these  must  necessarily  vary  according  to  the  mechanical  means 
at  the  disposal  of  each  person,  and  much  time  may  be  saved  by  the  use 
of  machinery.     I  shall,  therefore,  give  such  a  general  account  as  may 
be  used  by  any  one  who  has  not  machinery  at  command,  premising  that 
it  will  be  easy  to  modify  it  in  detail,  according  to  the  facilities  whidi 
each  may  possess  for  employing  more  expeditious  methods. 

In  collecting  specimens  for  examination,  I  find  it  convem'ent  to 
break  off  portions  from  the  rock  as  flat  and  thin  as  possible,  so  that   J 
they  may  be  ground  down  at  once ;  for  otherwise  it  may  be  requisite  to  ,; 
saw  off  portions  with  a  lapidary's  wheel,  or  by  means  of  a  stiaif^ 
toothless  saw  of  sheet-iron  with  emery.     Having  made  the  spectmoi  rf 
a  convenient  size  and  form,  with  one  side  flat,  this  must  be  groond 
down  perfectly  level  and  dressed  off  very  smooth.    I  usually  arak^^ 
using  any  polishing  powder,  since,  if  it  were  to  work  into  cracks  o^^ 
cavities,  it  would  be  far  more  objectionable  than  any  slight  want  c-^ 
polish.     If  we  attempt  to  grind  down  the  surface  on  such  a  stone  ft- 
should  be  used  to  finish  off,  very  much  time  would  be  lost,  and  it^-^^ 
therefore  best  to  use  a  series  of  stones  of  increasing  fineness.     I  h^fc. 
generally  used  first  fine  emery  on  a  plate  of  iron  or  zinc,  then  a  kimfea^J^ 

•  For  the  first  part  of  Section  265,  as  far  as  p.  214,  1  have  to  thank  my  ft>^ 
Mr.  H.  C.  Sorby,  F.R.S.,  who  very  kindly  prepared  it  specially  for  this  worit     ^  "^ 
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Stone  known  by  marble  workers  as   "  Congleton ; "  after  that  a  soft 

piece  of  Water-of-Ayr  stone,  and  finally  finish  ofi"  on  a  very  hard  and 

fine-grained  piece  of  the  same  kind.     However,  since  it  may  be  difficult 

to  procure  such  stones,  a  fiat  slab  of  fine-grained  marble,  or  different 

kinds  of  slate  may  be  used.    What  is  wanted  is  to  finish  ofi"  the  surface 

so  as  to  be  fi'ee  from  scratches  and  almost  polished,  with  the  hardest 

and  the  softest  portions  ground  down  to  the  same  level     If  not  dressed 

smooth  by  slow  grinding,  the  hard  portions  wiU  stand  out  in  relief;  and 

when  the  section  is  finished,  the  soft  parts  may  be  all  ground  away 

before  the  hard  are  sufficiently  thin,  and  the  structure  of  the  rock  may 

be  quite  misunderstood.     Haung  duly  prepared  one  flat  surface,  it 

should  be  fastened  down  on  a  piece  of  glass  with  Canada  balsam. 

This  should  be  kept  hot  until  it  is  so  hard  as  to  be  just  brittle  when 

cold.     I  find  it  best  to  remove,  time  after  time,  a  small  piece,  until  it 

has  become  so   hard  that   when  col6^  it  can   be  rubbed  to  powder 

between  the  thumb  and  finger.    The  piece  of  stone  should  be  made 

hot,  but  no  hotter  than  needful,  so  that  liquid  may  not  be  expelled  from 

the  fluid-cavities,  and  balsam  should  be  spread  over  the  flat  surface,  and 

kept  hot  for  a  while,  which  penetrates  into  the  softer  parts  and  hardens 

them.     Before  fixing  the  specimens  on  the  glass,  it  is  well  to  remove 

this  balsam,  and  fasten  it  down  by  that  on  the  glass.     I  find  it  much 

the  best  to  use  square  pieces  of  glass.    The  usual  3-inch  by  1  glasses 

are  very  unsuitable  for  the  purpose ;  since  they  are  much  too  long  in 

one  direction,  and  too  short  in  the  other.     I  use  glasses  i|-inch  square, 

and  generally   make   sections  about   1  inch  square,  which  is  a  very 

suitable  size.     Since  the  section  ought  not  to  be  removed  from  the 

glass,  care  should  be  taken  in  grinding  down  not  to  scratch  the  glass. 

This  may  be  avoided  by  fastening  small  bits  of  sheet  zinc  at  each  comer 

with  balsam,  and  grinding  the  stone  with  emery  until  they  all  come 

flat  down  on  the  plate.     The  stone  is  then  equally  thin  all  over  ;  and 

hanng  removed  the  bits  of  zinc  it  must  be  further  ground  down  on  the 

stones  until  of  the  proper  thickness,  and  the  upper  surface  finished  off 

in  the  manner  already  described.    The  thickness  must  depend  very 

Ouch  on  the  nature  of  the  rock.     If  coarse-grained  and  composed  of 

Comparatively  transparent  minerals,  x^^^  <^^  ^"  ''^'^^  "^Y  "^^  tie  too 

tAick,  whereas  some  very  fine-grained  and  opaque  rocks  should  be  not 

3t>ove  TsW^  °f  ^^  inch.     Of  course  it  is  requisite  so  to  grind  them 

do'wwi  as  not  to  break  up  or  disturb  the  different  constituents ;  and, 

sincre  some  parts  may  be  very  hard  and  some  very  soft,  it  is  impossible 

to     prepare  perfect  sections  unless  they  are  slowly  ground  down  on  a 

firi.e>grained  stone,  which  may  gradually  wear  away  the  hardest  parts 

wltliout  injuring  the  softest.    After  having  finished  the  section  I  find  it 

ofc^en  better  to  keep  it  some  time  before  I  mount  over  it  a  thin  glass 

cover,  in  wder  that  the  balsam  may  become  quite  bard.    I  then  melt 
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some  balsam  at  a  gentle  heat  on  a  thin  glass  cover  of  proper  size,  and 
just  before  I  place  it  on,  I  wet  the  surface  of  the  section  with  a  drop  of 
turpentine,  which  soaks  into  the  pores  so  as  to  make  it  more  trans- 
parent, and  renders  it  much  easier  to  fasten  down  the  glass  without  any 
bubbles.  This  must  be  done  at  a  very  gentle  heat,  so  as  not  to  cause 
the  section  to  break  up  by  melting  the  balsam  which  holds  it  fast  to  the 
glass  plate. 

Sections  of  very  sofl  rocks,  which  would  easily  break  up  in  water, 
may  be  prepared  in  the  same  manner  by  hardening  them  with  balsam. 
They  should  be  first  soaked  with  turpentine,  and  then  with  soft  balsam, 
and  kept  hot  until  quite  hard. 

We  may  modify  the  above  plan  with  advantage  in  preparing  sections 
of  such  hard  minerals  as  quartz.     If  ground  down  with  emery  and 
water,  deep  scratches  are  produced,  and  it  takes  a  long  time  to  remove 
them  by  means  of  the  softer  stones.     This  may  be  avoided  by  using 
fine  emery  paper,  held  flat  on  a  piece  of  plate  glass.     After  grinding 
down  to  nearly  the  proper  thickness  with  emery  and  water,  comoKni 
English  flour-emery  paper  may  be  used,  which  soon  removes  the  deep 
scratches ;  and  afterwards  the  surface  may  be  almost  polished  by  using 
the  finest  French  emery  paper  employed  in  preparing  steel  plates  for 
engraving  ;  a  perfect  polish  can  then  be  easily  given  by  means  of  rouge 
on  parchment.     Crystals  of  salts  soluble  in  water  may  also  be  grouod 
down  and  dressed  smooth  on  emer)-  paper,  and  finally  polished  with 
rouge  in  the  same  manner ;  but  in  many  cases  they  may  be  examined 
without  this  preparation,  and  may  be  fastened  on  glass  with  balsam. 
Some  are  decomposed  by  contact  with  balsam,  and  must  be  kept  dry  ii^^ 
small  covered  cells  ;  others  may  be  mounted  in  a  concentrated  solutioc-:^ 
of  the  same  salt,  when  it  is  desirable  to  retain  the  liquid  enclosed  in  th^^^ 
fluid-cavities ;  and  when  very  small  they  may  be  mounted  in  CanaA  -^ 
balsam,  or,  if  that  be  objectionable,  in  castor  oil. 

Sometimes  the  structure  of  a  rock  or  other  mineral  substance  m^^  j 
be  studied  to  great  advantage  by  grinding  it  to  a  suitable  shap^E^ 
moderately  thick  and  flat,  fixing  one  side  to  glass  with  balsam,  arM^d 
acting  on  the  other  with  a  dilute  acid.  If  one  part  is  soluble  and  tt-ise 
other  not  acted  on,  some  valuable  facts  may  be  learned.  As  ^m.a 
example  I  ref^  to  the  Eozoon  Canadense,  which  has  lately  attracted  ^^so 
much  attention.  One  part  consists  of  carbonate  of  lime,  and  the  oth-^Ki 
of  siliceous  minerals  insoluble  in  diluted  acid  ;  and  when  the  former        i; 

dissolved  a  most  beautiful  and  minute  structure  may  be  seen,  whi^ \ 

appears  to  be  due  to  minute  tubes  and  other  open  spaces  filled  with  tH_>< 
insoluble  minerals. 

For  the  directions  on  preparing  sections  which  follow,  I  am  ^S' 
debted  to  my  friend  Mr.  Frank  Rutley,  of  the  Geological  Survey,  wK^ 
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has  bad  veiy  great  experience  in  the  preparation  of  specimens,  and  has 
been  gcx>d  enough  to  furnish  me  with  the  following  notes  for  this 
edition  of  "  How  to  Work  with  the  Microscope." 

In  removing  chips  from  minerals,  for  the  purpose  of  procuring 

sections,  the  size  of  the  chip  must  in  a  great  measure  depend  upon  the 

size  of  the  specimen ;  and.  In  the  case  of  small  crystals,  it  is  sometimes 

advisable  to  cement  one  of  the  faces  of  the  ciystal  to  a  slab  of  plate 

glass,    and  then  carefully  to  grind  down  the  crystal  until  a  section 

parallel  to  that  face  is  procured.     The  size  of  chips  taken  from  minerals 

is  also  frequently  restricted  by  cleavage  planes,  and  it  will  be  found  con- 

Tcnient  to  split  off  pieces  parallel  to  different  directions  of  cleavage 

and  to  note  any  differences  which  such  sections  may  present  under  the 

microscope.     A  pair  of  cutting  pliers  with  strong  jaws  will  often  prove 

serviceable  in  removing    pieces    of   mineral    without   damaging    the 

specimen,  as  it  not  unfrequently  happens  that  a  sharp  blow  with  a 

hunmer  dislodges  crystals  from,  or  even  destroys,  a  good  specimen.     It 

Is,  therefore,  advisable  to  avoid  the  use  of  the  hammer  as  much  as 

posable  when  dealing  with  cabinet  specimens  of  minerals.     Cabinet 

sperimens  of  most  rwis  are,  as  a  rule^  rather  improved  than  damaged 

b)F  a  little  judicious  chipping,  especially  if  the  specimens  be  good-sized 

ooa    Where  rocks  present  any  schistoze  structure  or  any  tendency  to 

deave  in  a  given  direction,  it  is,  of  course,  easier  to  procure  a  thin  and 

mdiil  chip  parallel  to  this  direction.     It  is  often  interesting  to  make 

two  or  more  sections  from  a  rock  which  possesses  a  fissile  structure  : 

me  parallel  with  the  cleavage,  the  lamination,  or  foliation,  and  others  in 

directiiHis  more  or  less  at  right  angles  to  these  planes.     Sofl  rocks  often 

distDtegiate  very  readily  during  grinding,  and  it  is  then  impossible  at 

limes  to  procure  sections  without  previously  subjecting  the  chip  to  a 

lardeiiing  process.     Soft  rocks  may  be  rendered  sufficiently  coherent  by 

Seeping  thin  chips  of  them  in  a  mixture  of  Canada  balsam  and  benzol, 

u  in  a  limpid  solution  of  shellac  in  alcohol.     A  chip,  if  first  steeped  in 

tuipentine  and  then  dipped  in  Canada  balsam  and  slowly  dried,  is  also 

fequently  rendered  sufficiently   coherent    to    yield    a    good   section. 

Where  these  methods  fail  another  plan,  suggested  to  me  by  Mr.  John 

Aithur  Phillips,  may  be  had  recourse  to.     This  consists  in  cutting  an 

ordinary  glass  slip,  3  inches  by  i,  into  three  parts.     One  surface  of  the 

dupi  previously  ground  smooth  and  prepared  by  one  of  the  above 

"Wliods,  should  then  be  firmly  stuck  by  Canada  balsam  to  the  little 

sqiare  of  glass,  the  other  side  of  the  glass  being  also  cemented  to  an 

oi^kiu-y  thick  plate-glass   slab,  so  that   it  can  be   conveniently  held 

'''"Wgr    grinding.     This  treatment  obviates  the  necessity  of  removing 

"^Section  from  the  glass  on  which  it  is  ground.     The  square  of  glass 

'^"'Jiri^  the  section  should  then  be  removed  from  the  lower  slab  by 

^"^y  ■^warming  it,  and  it  should  next  be  cemented  to  an  oidinar^  g,lasa 
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slip  and  covered  in  the  usual  way.  It  is,  of  course,  best  to  procu: 
section  the  full  size  of  the  little  square  of  glass,  but  if  this  cannoi 
done,  the  marginal  portions  of  the  glass  square  which  usually  bee 
scratched  and  ground,  should  then  be  hidden  by  painting  a  frame-i 
of  Brunswick  black  over  the  disfigured  area.  In  grinding  hard  n 
(and  most  eruptive  rocks  are  sufhciently  hard  to  stand  the  process  t 
the  mode  of  operation  is  as  follows : — 

Method  of  Preparing  a  Section  of  Hard  or  Moderatdy  Hard  Roc 
Select  that  portion  of  the  specimen  which  appears  most  likely  to  si 
points  of  interest  Remove  as  thin  and  as  broad  a  fbke  as  poss 
from  that  portion  of  the  specimen  by  a  sharp  blow  with  a  small  dress 
hammer  or  by  means  of  a  chisel  Set  either  the  original  specimen 
its  label  aside  until  the  first  stage  of  grinding  is  completed,  and  a  la 
affixed  to  the  glass  slab  to  which  the  chip  is  attached.  Take  a  bm 
an  inch  or  more  in  breadth,  dip  it  in  water  and  then  dip  it  into  so 
No.  I  emery  powder :  with  this  smear  the  leaden  lap  of  the  grind 
lathe:  set  the  lathe  in  motion,  and  then  press  the  chip  upon 
revolving  lap  with  the  thumb  and  middle  finger,  or  with  the  forefin 
and  middle  finger.  At  first  the  chip  will  probably  be  jerked  away, 
a  little  practice  will  soon  enable  the  operator  to  hold  it  firmly ;  as 
lap  becomes  dry  re-charge  it  with  more  emery  and  water.  Wipe 
chip  clean  and  examine  it  occasionally,  and,  when  a  sufficiently  g 
surface  is  obtained,  give  it  a  final  wipe,  taking  especial  care  that 
particles  of  the  coarse  emery  are  left  adhering  to  it 

The  next  appliance  required  is  the  brass  grinding  plate,  or  a  pi 
glass  slab  about  6  J^  by  4  J^  inches  in  diameter.  Some  of  the  finest  fi' 
emery  should  be  procured  and  the  chuck-bottle  must  be  filled  with  w: 
Some  of  the  emery  should  be  scooped  up  and  laid  on  the  grinding 
and  water  jerked  or  chucked  on  to  it  from  the  bottle ;  the  roughly  gro 
surface  of  the  chip  of  rock  should  now  be  placed  on  the  slab  and 
grinding  carried  on  by  hand  with  a  circular  motion,  the  operator  ta] 
care  to  grind  equally  over  every  part  of  the  plate.  If  this  precautioi 
neglected  the  plate  will  soon  cease  to  have  a  true  surface  and  will  1 
be  useless.  The  grinding  plate  should  be  placed  in  a  shallow  tra 
rather  larger  dimensions,  as  the  emery  mud  gradually  works '  over 
edges  of  the  plate.  The  chip  should  from  time  to  time  be  wiped 
a  rag  which  has  been  kept  free  from  coarse  emery,  and  when  a  perfi 
smooth  and  flat  surface  is  procured  the  grinding  may  be  discontin 
The  next  step  is  to  light  a  Bunsen's  gas  jet  or  a  spirit  lamp  and  to  \ 
it  beneath  a  metal  plate  supported  by  a  tripod.  Take  a  plate^lass 
about  two  inches  square  and  a  quarter  of  an  inch  or  more  in  thick 
(the  edges  should  be  roughly  ground  so  that  they  will  not  cut  the  fing 
place  it  upon  the  metal  plate  and  lay  upon  it  a  crumb  or  two  of 
Caiuda  balsam,  the  oVdet  the  better.    The  chip  of  stone  should  als 
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{^O  Upon  the  hot  plate  with  its  unground  surface  dovnwards.     As  soon 

35  tti  Itdsaxn  on  the  glass  slab  becomes  viscid  (it  must  not  be  allowed 

\o  boil)  Uie  chip  of  stoac  should  be  quickly  lifted  and  placed  with  its 

nnouttily-ground  surface  OQ  the  balsam  —the  glass  slab  should  be  then 

shell  to  the  edge  of  the  hot  plale,  taken  up  with  the  cork  forceps  and 

upon  a  wooden  slab  or  ti  pitxc  of  thick  millboard.     The  chip 

ihoulti  then  be  firmly  pressed  don-n  on  the  gb$s  slab  with  the  ends  of 

tlie  corlcs  on  the  forceps  or  with  an  ordinary  wine-cork,  and,  as  soon  as 

d>r  balsam  begins  to  set,  the  under  surface  of  the  slab  should  be  looked 

liinxi^  in  order  to  see  whether  the  adhesion  of  the  chip  is  perfect,  if 

iH)t,2a]r  air  bubbles  may  usually  be  ex{ielled  by  moving  the  chip  about 

Banrtatoiy  manner,  heavy  pressure  being  appliod  at  the  same  time. 

Tbcilab  with  die  chip  aifixed  should  tticn  be  allowetl  to  remain  until 

fate  cold,  and  a  small  Libel  or  number  should  be  giunmed  on  tlie  back 

^ibe  slab,  and  in  one  corner,  so  as  not  to  intercept  the  'view  of  the 

tiap.    The  original  specimen  from  which  the  chip  was  taken,  and  its 

hhel,  may  then  be  replaced  in  the  collection.    This  may  be  regarded  as 

the  completion  of  the  Ursl  stage,  and  the  slab  with  its  chip  may  be  put 

bf  until  a  ftitcrc  time,  or  the  second  stage  of  operation  may  be  com- 

mencetL 

llie  lap  of  the  grinding  lathe  is  to  l>e  again  charged  with  Na  i 

ctacry  and  water,  and  as  soon  as  the  lathe  is  set  In  motion  the  chip 

ibould  be  ptes&cd  \i\ion  the  lap,  the  fingers  holding  the  edges  of  tlic  glass 

.  im>.     The  glass  sbb  sJiould  be  kept  in  a  horizontal  position,  or  in  a 

tibon  [>ara]ld  with  the  surface  of  the  Lip.     Practice  will  decide  the 

>unt  of  pressure  which  may  be  convcnienUy  imparted  by  the  hands. 

THe  li^KHir  may  sometimes  be  lightened,  if  the  stroke  of  the  machine 

ht  too  high,  by  standing  upon  a  low  .stool  an  inch  or  two  in  htight 

■I"he  chip  should  occasionally  be  wiped  with  a  rag  or  washed  in  water 

to  see  what  progress  t.<i  being  nude.     As  soon  as  it  is  ground  to  about 

the  thickness  of  a  sheet  of  cardboard  or  thick  note  paper  die  process 

dioulii  be  discontinued,  the  ciiip  and  its  tilab  carefully  freed  bom  all 

tia.cei  of  coarse  emery,  and  grinding  u{>on  the  brass  slab  with  fine  Dour 

cmcry  must  be  again  resorted  to.     In  the  verj-  latest  stiiges  of  griniling 

a  fewdropsof  pciraHine  will  be  found  serviceable^  the  section  then  work. 

tng  more  smoothly  and  with  but  HtUc  friction,  and  thereby  lessening 

the  (tinger  of  stripping  out  small  imbedded  crystals  or  of  otherwise  dis- 

iniegnting   the  section.     In  these  later  stages  the  section  should  be 

beijueatly  examined  under  the  microscope,  being  |)reviously  wi[>ed,  and 

the  Bjipcr  suriace  moistened  with  water  or  turpentine  in  order  to  increase 

iu  ttsr.&luccncy.     The  stage  of  the    microscope  should,  during  these 

Exxmiiuttons,  be  protected  by  a  small  tray  with  a  hole  cut  in  it,  tlie  hole 

coRcspoDdmg  with  the  aperture  in  the  stage  but  being  less  in  diameter, 

A  glaa  stage  plate  with  a  deep  ilange  will  also  Answer  this  j^ut^^osc 
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The  ultimate  thickness  of  the  section  must  of  course  depend  upon  t1 
translucency  of  the  rock  or  mineral  or  upon  the  points  which  it  may  I 
considered  most  necessary  to  elucidate.  This  may  be  regarded  as  tl 
completion  of  the  second  stage  of  operations,  and  it  is  often  con%-eniei 
to  leave  the  section  in  this  condition  so  that  reagents  may  be  appliei 
should  any  doubt  exist  as  to  the  nature  of  the  component  minerals,  &t 

The  third  and  last  stage  consists  in  scraping  away  all  hard  balsai 
around  the  margin  of  the  section  and  again  placing  the  slab  on  the  he 
plate  until  the  balsam  which  holds  the  section  is  quite  viscid.  While  thi 
heating  process  is  going  on  the  following  apparatus  should  be  conven 
ently  arranged : — Cork  forceps,  pushing  bar,  lifting  needle,  knife  c 
scraper.  A  watch-glass,  half-fuU  of  turpentine  and  standing  in  the  li 
of  a  pill-box  or  other  support  New  Canada  balsam,  clean  glass  sli] 
clean  glass  cover,  small  forceps. 

When  the  balsam  is  perfectly  viscid,  remove  the  slab  from  the  hm 
plate  with  the  cork  forceps,  holding  the  forceps  firmly  in  the  left  han« 
Take  the  pushing  bar  in  the  right  hand  and  with  it  cautiously  push  « 
slide  the  section  over  the  edge  of  the  glass  slab  into  the  watch^las 
containing  the  turpentine.  This  little  turpentine  bath  should  then  t 
carefully  heated,  as  by  this  means  the  balsam  which  adheres  to  tt 
section  is  perfectly  dissolved.  A  drop  of  new  Canada  balsam  shoul 
next  be  placed  on  the  glass  slip.  The  section  should  then  be  lifted  wii 
great  care  by  means  of  the  lifting  needle,  it  being  allowed  to  adhere  t 
one  of  its  flat  sides  to  the  side  of  the  needle,  and  it  should  be  at  on« 
transferred  to  the  glass  slide  and  gently  let  down  upon  the  surface 
the  balsam.  The  slide  should  be  slightly  wanned,  another  smalt  pate 
of  balsam  placed  on  the  top  of  the  section,  again  slightly  warmed,  ar 
the  glass  cover  taken  by  one  edge  in  the  small  forceps,  passed  over  tl 
flame  to  warm  it,  and  allowed  to  descend  gently  on  the  balsam.  Pressa 
may  then  be  applied  to  the  cover  to  expel  the  excess  of  balsai 
which  may  be  carefully  removed  with  a  knife,  and  the  specimen  is  rea« 
f  jr  examination. 

366.  On  N«uurlnv  the  An^Icfl  of  CiTBtals — Oenloneter. — I  ha- 
already  adverted  to  the  principal  methods  of  measuring  objects,  h 
have  not  discussed  the  mode  of  ascertaining  the  value  of  the  angles 
microscopic  crystals  in  the  microscope.  The  simplest  instrument  I 
the  purpose  is  one  which  was  arranged  many  years  ago  by  Schmidt  aa 
known  as  Schmidfs  ^niometer.  It  consists  of  a  cobweb  stretched  acre 
the  field  of  an  eye-piece,  and  capable  of  being  moved  by  an  arm  whi 
passes  round  an  accurately  graduated  arc.  The  cobweb  line  is  plac 
parallel  to  one  face  of  the  crystal,  the  circle  being  moved  round  un 
the  bar  stands  at  zero.  The  latter  is  then  made  to  rotate  until  the  cc 
'veb  is  brought  parallel  with  another  face.  The  number  of  degre 
rough  which  the  bar  has  passed  marks  the  angle  of  the  crystal     It 


f 


MEASURING  ANGLES  OF  CRYSTALS.  219 

absolutely  necessary  that  in  taking  this  measurement  the  crystal  should 
be  perfectly  fiat,  for  otherwise  a  false  angle  will  be  obtained.  Crystals, 
some  of  which  are  lying  perfectly  fiat  while  others  are  more  or  less  tilted 
on  one  side,  are  represented  in  pi.  LVI,  figs.  7,  8,  p.  218,  Dr.  Leeson 
has  proposed  a  more  perfect  goniometer  for  measuring  the  angles  of 
small  crystals,  which  is  copied  in  fig.  6  in  the  same  plate. 

Those  who  devote  themselves  to  mineralogical  or  crystallographic 
investigations  require   special    appliances  for  determining  the  optical 
properties  of  refracting  bodies  and  observing  the  process  of  crystallisa- 
tion in   saline  solutions,  &c     Dr.  Lawrence  Smith,  of  Louisville,  U.S., 
designed  an  instrument  specially  for  such  purpose,  which  he  called  the 
"  INVERTED  Microscope"  ("American  Journal  of  Science,"  second  series, 
voL  XIV,  1852).     The  object-glass  was  placed  below  the  mica,  quartz, 
or  glass  plate  that  earned  the  solution  to  be  crystallised,  with  the  view 
of  protecting  the  lenses  from  the  corrosive  action  of  acid  vapours,  espe- 
cially that  of  hydro-fiuoric  acid,  which  also  interfere  with  the  definition 
of  objects  under  examination.     This  arrangement  was  improved  upon 
ajid  more  fully  developed  in  its  applications  by  Mr.  Highley,  who  described 
the  "  Mineralogist's  Microscope,"  figured  in  pL  LVII,  p.  220,  in  the 
'*  Quarterly  Journal  of  Microscopical  Science,"  vol.  IV,  p.  281.     It  may 
thus  be  briefly  described  with  the  aid  of  the  figs,  i  and  2.     The  general 
distribution  of  parts  is  shown  in  the  first  figure,  when  the  instrument  is 
arranged  for  ordinary  microscopical  observations.     Fig.  2  displays  the 
same  in  section  arranged  for  optical  investigations,  and  for  measuring 
the  opric  axes  in  crystals. 

On  a  central  pivot  screwed  into  a  solid  circular  base  rotates  a  plate 

that  carries  the  body,  prism  box  P,  object-glass,  and  fine  adjustment  A : 

to  the  side  of  the  base  is  fixed  a  square  bar  G,  that  carries  the  principal 

stage  with  its  coarse  adjustment,  as  well  as  the  secondary  stage  into 

which  fits  the  diaphragm,  polarising  bundle  B,  selenite  plates,  &c.     A 

tube  screws  into  the  top  of  bar  G,  on  which  slides  the  mirror.     The 

body  slides  into  a  socket  attached  to  the    prism  box.     Within  the 

draw   tube  are  fittings  to  receive  glass   tubes   for  examining  with   a 

I^eeson's  goniometer  and  minute  stop,  the  amount  of  rotation  in  liquids 

that  exhibit  circular  polarisation. 

The  prism  P,  that  reflects  the  image  of  the  object  up  the  axis  of  the 
body  at  a  convenient  angle  for  observation,  is  contained  in  a  solid  brass 
box,  on  the  upper  surface  of  which  are  screwed  the  tubes  and  fine  ad- 
justment, A,  that  carry  the  object-glass,  and  one  side  is  -removable  to 
allow  of  the  prism  being  readily  taken  out  and  cleaned. 

A  semicircular  arm  works  up  and  down  the  upright  bar  G,  by  means 
of  a  rack  and  pinion  R,  and  supports  the  circular  stage  S,  which  for 
oidinaiy  work  is  kept  in  a  horizontal  position  by  means  of  the  clamp 
nut  N.    The  stage  has  a  projecting  ring,  within  which  a  graduated  plate 
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rotates  when  optical  examinations  have  to  be  made:  but  whidi  a 
ordinarily  fitted  with  a  plain  metal  plate  that  rises  flush  with  the  top  of 
the  axes  of  the  stage.  In  this  instrument  the  object  has  to  be  ptaoed 
with  the  glass  cover  downwards. 

A  short  body  replaces  the  ordinary  one  for  optical  framimrioBi;  - 
this  is  fitted  with  a  tourmaline  T,  and  a  cell  for  a  plate  of  calc  tftrCf 
when  the  instrument  is  to  be  used  as  a  modification  of  Professor  Kobcfti 
stauroscope  for  determining  crystal  systems ;  and  two  lenses  L  L  irithlj 
Jackson's  micrometer  M,  when  the  instrument  is  required  for  diet 
termination  of  the  optic  axis  on  the  principle  of  Soleil's  instrumeoL 

An  excellent  microscope  of  good  size  and  of  great  stiengtli 
steadiness  and  with  all  the  appliances  required  for  mineralopcd 
vestigation  has  been  perfected  by  Messrs.  Powell  and  Lealan^  ij 
Euston  Road. 

The  Mineralc^cal  Works  of  Dufrenoy,  Delafosse, 
Groth,  Nauraann,  and  Grailich,  and,  for  beginners,  the  little  manodi 
"Mineralogy,"  byF.  Rutley,  may  be  consulted.     The  works  of! 
Rosenbusch,  and  v.   Lasaubc,  are  most  important  to  the  stiuJeat 
micro-petrology. 

263.  or  tbe  DM  or  voiartsed  ugbu* — Polarised  light  mustnotl 
used  simply  to  show  structure,  or,  as  is  too  often  the  case,  merdf  I 
show  pret^  colours,  for  it  is  a  most  searching  means  of  learning  the 
nature  and  molecular  constitutions  of  the  substances  under  examinatioiL 
The  action  of  crystals  on  polarised  light  as  applied  to  the  microscope  is 
due  to  their  double  refraction,  which  depolarises  the  polarised  beam, 
and  gives  rise  to  colours  by  interference,  if  the  crystal  be  not  too  thick 
in  proportion  to  the  intensity  of  the  power  of  double  refraction  in  the 
line  of  vision.     This  varies  much  according  to  the  position  in  which  the 
crystal  is  cut,  and,  therefore,  in  a  section  of  a  rock  different  crj-stals  of 
the   same  mineral   may  give  very  different  results;  but  still  we  may 
often  form  a  good  general  opinion  on  the  intensity,  and  may  thus 
distinguish   different   minerals   whose   intensity  of  action  varies   con- 
siderably.    But  besides  this,  the  intensity,  but  not  the  character,  of  the 
depolarised  light  varies  according  to  the  position  of  the  crystal  in  relation 
to  the  plane  of  polarisation  of  the  light     There  are  two  axes  at  right 
angles  to  each  other,  and  when  either  of  them  is  parallel  to  the  plane  of 
polarisation,  the  crystal  has  no  depolarising  action,  and  if  the  polarising 
and  analysing  prism  are  crossed,  the  field  looks  black.     On  rotating 
either  the  crystal  or  the  plane  of  polarisation,  the  intensity  of  depolaris- 
ing action  gradually  increases,  until  the  axes  are  inclined  to  45°,  and 
then  gradually  diminishes  till  the  other  axis  is  in  the  plane  of  polarisa- 
tion.    If,  therefore,  we  are  examining  any  transparent  body,  and  find 
ttiat  this  takes  place  uniformly  over  the  whole,  we  know  that  the  whole 
•  Section  267  vfas  wrilten  by  Mr.  H.  C.  Sorby,  F.R.S. 
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has  ODC  simple  crystalline  structure ;  whereas,  if  it  appesis  as  it  verc  to 
break  up  mto  detached  pans,  each  of  which  changes  independemly,  we 
know  that  it  is  made  up  of  a  number  of  separate  crystalline  portions, 
either  related  as  twins,  or  quite  independent  of  each  other,  as  other 
Acts  may  indicate.  By  u«ting  a  plate  of  selenite  of  suitable  thickness,  we 
f  also  ascertain  in  what  directions  the  crystal  raises  and  depresses 
he  tint  of  colour  given  by  the  selcnttc,  and  can  thus  determine  the 
itioo  of  the  principal  axis  of  the  crystal. 

As  an  excellent  illmtration  of  the  U!ic  of  these  principles,  T  may 
to  the  structure  of  pseudomorphs.  We  may  often  see  in  sections 
rocks  crystals  which  are  much  broken  up  either  by  mechanical 
olence  or  by  incipient  decomposition,  and  it  might  often  be  extremely 
clifficulL  if  not  impossible,  to  distinguish  them  from  otlier  cases  where 
the  external  form  is  also  that  of  a  perfect  crystal,  and  yet  the  material 
completely  changed.  In  the  former  case  polarised  light  will  often 
sbotv  at  once  that  all  the  different  portions  arc  in  the  same  crj-stalline 
position,  and  related  to  the  external  form,  but  in  the  latter  are  nnanged 
promiwnKJUsly,  independent  of  the  external  form,  or  related  to  it  as 
products  of  on  alteration  which  extended  inwardly  from  the  outer 
suriace  or  frtjm  irregular  cracks.  Occasionally  most  im|>onant  theore- 
ticaJ  cocclusions  depend  on  such  a  scnicture,  and  it  may  be  almost 
conclusive  proof  of  the  mctamorphism  of  masses  of  rock  when  other 
evidence  almost  fails. 

Then,  ngain,  we  must  examine  and  bear  in  mind  any  definite  order 
that  may  Iw  fnuml  tn  occur  in  the  an.ingement  of  a  number  of  crystals, 
since  that  may  indicate  important  differences.  This  di-pcnds  on  the 
bict  that  crystals  have  a  tendency  to  form  with  particular  (aces  pcrpendi- 
cnlar  or  jKirallcI  to  the  surface  on  which  they  grow,  depending  panly  on 
the  nature  uf  llie  sulatance,  and  partly  on  the  secondary  form  which 
may  be  produced  in  particular  circumsl.'mces.  Such  facts  may  show,  for 
caample,  that  some  round  bodies,  like  oolitic  grains,  have  been  formed 
by  the  external  growth  of  crystals  radiating  from  a  central  nucleus, 
whilst  others,  like  those  so  common  in  meteorites,  were  formed  in  an 
entirely  different  manner,  and  have  the  structure  of  round  bodies  which 
ciTUallised  afterwards. 

S«s.  0n  Ike  jjuiaaiy  of  crrHtai'i- — Mr.  Sorby  well  observes  tliat  it 
is  the  most  important  for  an  observer  to  nuke  himself  acquainted  with 
what  may  be  called  the  anatomy  of  crystals.  Much  might  be  said  on 
this  subject,  and  much  remains  to  be  learnt  A  crystal  in  its  most 
perfect  state  «  bounded  by  definite  and  perfect  planes,  aud  has  an 
tndlbrTD  and  simple  striicture  throughout,  as  shown  by  its  cleavage  or 
by  its  optical  characters ;  but,  though  the  external  form  may  be  very 
simple  and  perfect,  its  internal  structure  may  be  far  from  simple.  Thin 
plates  or  large  segments  may  occur,  the  material  of  which  is  not  in  the 
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Same  crystalline  |}Osition  as  the  rest,  but  inclined  at  different  angles, 
according  lo  the  laws  of  twin  4.T>'stals  ;  and  in  some  cases  this  givrs  rise 
to  very  remarkable  characters,  seen  to  great  advantage  in  some  ol"  t,1ie 
constituents  of  meteorites.    On  the  contrary,  all    perfect  ciynallinc 
planes  may  be  absent,  and  j'ct  the  ultimate  structure  may  be  that  of  a  I 
simple  and  perfect  crystal,  as  shott-n  by  cleavage,  or  by  the  action 
polarised  light ;  and  chcrefotc  it  becomes  necessary  to  understand  wlaatl 
terms  should  be  employed  to  express  these  facts.   Shall  we  use  the  icrrm 
a  CT^-stal  to  signify  a  body  bounded  by  defmiie  planes,  which  may  ha.ve 
a  very  composite  internal  structure,  or  to  signify  a  body  of  [icriccrtly 
simple  and  uniform  molecular  con».litution,  which  docs  not  happcrt    toj 
have  perfect  liounding  planes  ?     In  studjing  the  structure  of  rockst    ixl 
appears  to  me  far  belter  to  use  the  term  a  cr)-stal  to  sipni'y  i!ic  simphc-iiy 
of  ultimate  molecular  constitution,  and  to  express  ihc  choracier  of  t>tc 
external  funu  by  saying  whether  it  is  bounded  by  crystalline  planes   or 
by  irregular  surfaces,  independent  of  the  crystalline  structure. 

If  wc  use  this  phniseology  we  may  say  that  each  detached  plate  of  tHe 
echinoderm  is  ow crystal,  appearing  as  if  it  were  made  out  of  one  sin:»i»'« 
crystal  of  calcite  cut  into  the  form  and  hollowed  out  into  all  the  con* I'll* 
caicd  structure  characteristic  of  that  kind  of  shell ;  and  as  an  exampkr  of 
the  very  opposite  fiict,  I  may  refer  to  certain  crystals  of  native  phosptva'* 
of  lime,  whirh  have  the  external  planes  characteristic  of  that  minen*'- 
and  yet  are  made  up  of  a  vast  number  of  much  smaller  cr>'slals,  in  "*' 
u'ay  related  to  the  external  form,  and  not  bounded  by  crystalline  pUn*-'"^ 
Such  distinctions  are  amongst  the  motil  important  in  studying  Klit^ 
microscopical  structure  of  rocks,  and  from  such  facts  the  ph>-si*^ 
hisior)'  of  a  rock  may  be  deduced. 

>■•■  ExanlKkilnn  of  Minrrals. — One  very  interesting  [)Otnt  wt^i*^ 
has  been  disclosed  by  microscopic  examination  is  this  : — that  miner*^ 
which  have  been  regarded  as  perfectly  homogeneous  and  which  h.^-*'* 
been  analysed  as  pure  specimens,  are  often  seen  to  contain  ituncr*^  | 
matter  of  a  different  nature.    This  frequently  occurs  in  the  form 
definite  crystals,  which  are  sometimes  iaegulaily  dis])o$e(l  and  at  otf^' 
follow  certain  directions  corresponding  cither  with  the  internal  struct' 
or  the  external  configuration  of  the  crystal  in  which  they  lie.    Tt»< 
little  crystals  are  sometimes  so  minute  that  h  has  not  yet  l>ecn 
sible    lo  determine  the  mineral   species  to  which  they   belong.   W«*'' 
anything  like  precision.    Such  diminutive  and  undetermined  fonns  ^^t 
spoken  of  ss  microtiths,  belonites,  trichiies.  Sue     Bodies  of  this  desc*^!*'] 
lion  sometimes  occur  in  the  matrix  of  various  rocks,  and  In  sooie  ca9^** 
where  rocks  have  undergone  absolute  fusion,  they  form  dense  stretf**^ 
which  arc  seen  to  follow  more  or  less  tortuous  courses  ihroui-h  tl** 
ficction,  and  to  sweep  arotuid  the  larger  cr)-stals  and  other  impctlimeni-* 
which  may  happen  to  lie  in  their  path.    Such  structure  ts  spoken  of  » 
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iKuioivtbucture,  and  it  is  out  ot  uncommon  occurrence  in  rocks  of  s 

characlcf ;    when,    however^    these    microlilhs    become   x'ery 

BBQOUs.  ihc  glassy  character  of  the  rock  diminishc<i  until  at  Lut  it 

any  become  completely  dciitrified,  and  cease  to  exhibit  the  simple 

tion  which  characieriaes  glassy  matter.     Microscopic  examination 

niocnlB  also  shows  that  some  of  them  contain  lamellx  an<l  ])aichcs 

of  other  mincnils.    This  may  be  well  seen  in  some  sections  of  oligo- 

' '"     \r.     It  frc<iiicntly  happens  that  the  niincnil  components  of  a  rock 

1.0  well  tlevcluped  crj-stailinc  forms;  under  such  drcumstaiites 

•'ptxaJ  charaaers,  angles  of  cleavage,  hardness,  colour  of  streak,  &c., 

•hoiiki  Ik  noted ;  these,  in  conjunction  with  the  dctcrtnination  of  the 

'Ksodaled  mincTals.  will  often  give  a  cUie  to  (lie  nature  of  tlie  mineral  in 

l9u«siion,  but  at  times  the  use  of  the  blowpipe  and  chemical  reagents 

f^^ccomes  necessary,  and  it  is  well  to  determine  the  nature  of  a  doubtful 

imiBcnl  before  the  section  is  mounted,  otherwise  it  may  be  needful  to 

ia\sn  the  covering  glass,  a  process  which  generally  entails  the  re- 

nong,  and  not  unfTCi)ueni1y  the  dcstruaian  of  a  section.     Where 

>b>taoccs  easily  soluble  in  acids  are  present,  i;  is  belter  to  apply  the 

"es^jent  to  the  section  before  it  Is  ground  ver)'  thin.     It  can  then  be 

I**ickly  washed  and  subsequent  grinding;  will  usually  remove  all  traces  of 

nuKhief  w-hich  the  reagent  has  done.     The  subject  of  fluid  cavities, 

fstooe  ca\iiics,  &c.,  which  occur  in  some  minerals,  is  treated  of  by 

I  *•**■-  Sorhy,  in  page  2$$. 

Those  who  intend  to  take  up  the  study  of  |)etrnlogy  should  possess  a 

ccruin  knowledge  of  mineraiogy,  and  especially  of  the  characters  of 

*"Ov  minerals  which  most  frequently  constitute  rocks.    An  acquaintance 

["ntli  tj,e  leading  characteristics  of  about  a  couple  of  dozen  mineraJ 

P**^<^  will  enable  the  observer  to  work  out  tlie  mineral  composition  of 

'^sidcrablc  number  of  rocks,  but  he  should  begin  by  learning  to 

/^^^Tnine  hand  specimens  by  the  ordinary  tests,  given  in  text-books  on 

subject,  before  entering  ut>on  the  microscopic  branch  of  the  work,  .is 

**  frequently  more  difficult  to  determine  the  nature  of  a  mineral  by 

*^1s  of  the  microscope  than  by  the  naked  eye,  a  pofket  lens,  and  a 

"'''tnife.     In  work  of  this  kind,  we  should  remember  that  iht-  micro- 

*Pc  is  our  assistant  when  unaided  vLsicn  fails  us  and  that,  by  em- 

^'^J'irig  that  assistance  needlessly,  wcare  taking  pains  to  gain  information 

*  difficult  and.  it  toay  be.  dangerous  method. 

A  description  of  the  simple  means  of  determining  ordinary  raincnUs 

'  be  found  in  any  goo<l  inanunl  or  text-book  of  mineralogy,  and, 

'before,  only  tlic  microscopic  characters  of  a  few  of  Ok  more  common 

l^^-forming  minerals  will  be  given   here.     Mr.  Rutiey's  "Study  ol 

I^K.ks,'^  published  by  Longmans  and  Co.,  m.iy  be  c-on?ulied. 

Among  the  most  important  of  ordinar)*  minerals  are  the  felspars ; 
^Q  aystallia:  in  two  systems,  the  manoclinic  or  ebli^e^  and  the  M- 
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clinic  or  anorthic.  The  former  are  spoken  of  as  "  orthoclastic'  felspai^ 
because  they  possess  two  directions  of  cleavage  at  right  angles  to  one 
another;  the  latter  are  known  as  " piagioclastic"  because  their  dea'vigei 
do  not  fonn  right  angles.  The  crystals  of  the  orthoclastic  felqnii  ae 
frequently  twinned,  while  those  of  the  plagioclastic  felspars  invariably  Aov 
twinning.  Fig.  5,  pi.  LVIII,  represents  portion  of  a  crystal  of  plagiodn^ 
from  a  rock  occurring  at  DrumBn,  in  the  Isle  of  Mull,  as  aeoi  tf 
polarised  light  This  twinning  is  often  visible  to  the  naked  ej%  lat 
when  viewed  by  polarised  light,  under  the  microscope,  the  stnictanii 
demonstrated  by  strongly-marked  chromatic  effects,  the  twin  lamda 
appearing  of  different  colours,  which,  on  revolution  of  one  of  the  nicol^ 
are  succeeded  by  their  complementaries.  In  the  orthoclastic  felspan 
twinning  takes  place  upon  two  types,  the  one  called  the  Carlsbad,  the 
other  the  Baveno  type ;  the  latter  is  not  of  common  occurrence,  es- 
pecially in  microscopic  crystals,  but  the  Carlsbad  type  is  constantly  to  be 
met  with.  The  plane  of  composition,  in  this  case,  lies  parallel  to  die 
clino-pinakoid-  The  diagrams,  in  fig.  3,  pi.  LVIII,  will  sufficient 
explain  its  position. 

In  sections  of  microscopic  crystals  the  position  of  No.  4  in  fig.  3, 
pi.  LVIII,  is  that  in  which  these  twns  are  best  showrL  Such  sectiou 
would  give  the  following  appearances : — The  shaded  sides  representing  ooe 
colour,  and  the  unshaded  ones  another.  In  crystals  of  orthoclastic  felspin 
there  is  sometimes  a  peculiar  cross-hatched  structure  visible  by  polarised 
light,  under  the  microscope,  but  its  presence  is  more  common  in  massne 
specimens  than  in  small  crystals.  This  structure,  when  developed,  ii 
very  characteristic  of  orihoclase.  These  two  sets  of  strise  run  paraUd 
to  the  ortho-  and  the  clino-pinakoids  of  the  crystals,  or  in  the  correspond- 
ing directions  in  the  massive  and  cleavable  varieties  of  the  mineral 
Untwinned  crystals  of  orthoclase  polarise  in  sheets  of  uniform  colour 
when  the  sections  are  of  equal  thickness  throughout,  but  if  variable  in 
thickness  the  tint  varies.  If  the  section  be  so  cut  that  a  portion  of  the 
crystal  forms  a  wedge,  then  bands  of  colour  will  be  seen  by  polarised 
light,  the  colours  softening  into  one  another ;  this,  however,  is  a  pheno- 
menon by  no  means  peculiar  to  orthoclase,  but  takes  place  in  aB 
doubly  refracting  wedges,  and  it  is  important  to  distinguish  between 
these  blurred  bands,  and  bands  which  are  bounded  by  sharp  and  definite 
margins,  such  as  those  which  result  from  twinning,  when  twinned  crystals 
are  viewed  by  polarised  light. 

In  the  plagioclastic  felspars  numerous  twin  lamellie,  lying  side  by 
side,  are  seen  by  polarised  light  The  twinning  in  this  group  of  felspars 
may  take  place  upon  several  different  types.  On  that  known  as  the 
albite  type  re-entering  angles,  or  rather  very  minute  furrows,  are  caused 
on  the  basal  planes  of  the  crystal  by  a  repeated  hemitropy. 

These  striae  may  even  be  seen  clearly  with  the  naked  eye.    The 
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minerals,  and  soraetimes  portioru  of  Lhe  magma  which  suitouikIs  than. 
«s  in  fig.  3,  p\-  lA'lU,  which  represents  a  ciystal  in  quanz  porphfT)-. 
from  Uundhu,  Arran. 

Caicspar,  which  also  crystallpKs  in  the  hexagonal  5>-steni,  gBncnllj 
pplarises  in  weak  colours.  When  it  occurs  in  thin  sections  o(  :  V 
filling  vesicles  or  ftssures,  a  well-marked  twinning  &tnicture  i«  often  •  - 
by  polarised  light,  and  which  is  said  to  occur  in  directions  parallel  to  the 
Tacc--^  R.  As  a  rule,  howci-er,  it  is  diOicult  to  make  out  any  definite 
crysLilline  fomis  in  these  secondarily  deveioj^cd  aggregates  of  calcspir, 
whicli,  both  in  veins  and  in  amygdabids,  appear  to  consist  of  incgulailr 
shajjed  patches,  the  twin  lamellae  of  the  diiferent  patches  runri-:-  - 
various  directions.     This  may  be  well  seen  in  thin  sections  of  tnj( 

The  minerals  Aomhlfruif  At\<i  au^i(,  both  of  which  crystalh'ze  in  the 
monoclinic  or  oblique  systctri,  are  of  «uch  frequent  occurreiKre  in 
eruprivc  rocks  that  it  is  important  for  the  petrologist  to  distinguish  than 
when  seen  in  microscopic  sections.  By  ordinary  illumination  both 
appear  green,  the  augite  usually  presenring  an  exceedingly  pale  tinL 
By  revolving  the  lower  nicol  (polariser)  beneath  the  secliout  it  wiQ 
iLsually  he  found  that  the  hornblende  changes  to  different  shades  at 
gicen  or  to  reddish-brown  colours,  while  augite,  except  in  very  tliiik 
sections,  seldom  shows  any  trace  of  colour-change  (dichrotsn). 

Doubtful  cases  often  occur  in  which  it  is  very  difficult  to  d*- 
criminate  between  these  two  minerals,  and  recourse  must  then  be  hid 
to  the  goniometer  if  any  good  transverse  sections  of  the  crjrstaU  oooir, 
since  Uie  angle  of  the  oblique  rhombic  prism  in  hornblende  vei7  groauly 
exceeds  that  which  characterisi-s  anglle.  When  good  transverse  sectiaai 
of  the  crystals  cannot  be  found,  and  espedatly  when  cleavage  is  ilMefmed 
and  the  minerals  are  much  altered,  or  even  represented  only  by  pseudfr' 
mor^^Si,  it  l>eeo)ucs  almost  impossible  to  state  whellier  such  a  rock  ciw- 
tains,  or  originally  contained,  hornblende  or  augite^  a  difficulty  out  of  wliidi 
the  other  associated  minerals  will  give  us  little  safe  hd{i,  paragcnexis,  in 
such  a  cose,  affording  untrustworthy  ground  for  discrimiiution,  sinrc  both 
minerals  are  sometime*  present  in  the  same  rock.  DiaUagt  and  drwniie 
show  little  or  no  dichroism.  The  former  constitutes  one  of  the  principal 
minerals  in  the  rock  known  as  fiiibra. 

SeA^r/,  which  sometimes  occurs  in  granite  and  other  rocksy  csperially 
near  their  margins  or  lines  of  contact,  may  gcnemlly  tx:  known  by  the 
almost,  or  quite,  triangular  secdons  which  the  prisms  often  present  vhen 
cut  tramn  ersely,  aitd  by  the  deep  blue  colour  frequently  displayed  in 
Lhin  sections  by  ordinary  transmitted  light 

The  micas  arc  also  vcrj-  important  minerals,  since  they  coti&titute  a 
considerable  pro|)ortion  of  M>me  eruptive  m:i>>sai,  both  lava  flows,  dyta^ 
and  deep-seated  masses.  To  distinguish  the  different  species  «Mi 
precision,  special  appliiinees  for  examining  their  optical  propeniei  it 
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fien  needed.    As  a  rule  the  dark  coloured  micas  are  those  rich  in 

icnia,  while  the  pale  silvery  ones  are  mostly  potash  micas.     Micas 

ijr  be  distitiHuiihed  under  the  microscope  by  their  six-sid«i  forms 

rhcn  the  section  lie*  iKiralli-l  with  the  basal  plane,  and  by  the  parallelo- 

which  resull  from  sections  taken  more  or  Ic&s  transversely  to  the 

and  which  show,  by  fine  parallel  linoi,  the  laminx  of  which  the 

ry«t.il  19  composed.     These  sections  transverse  to  the  basal  pbncs  are 

ly  strongly  dichroic.     This  remark  applies  aho  to  chlorite,  but  the 

green  colour  of  the  mineral  serves  to  distinguish  it  from  the 

It  frequently  happens,  however,  that  chlorite  has  its  crystalline 

pooriy  developed   in  rocks,   often    only  lillle    irregutariy-shaped 

scales,  and  patches  arc  to  be  discerned  under  the  miiToscope, 

le,  occasionally,  the  scales  group  themselves  into  fan-shaped  aggre- 

Of  sheaves.    There  are  many  other  green  minerals  more  or  less 

OKcd  lo  chlorite,  which,  like  it,  occur  as  secondar)-  or  substitution  pro- 

lucts  in  rocks,  and  the  difficulty  of  distinguishing  beU'cen  them  has 

mtcmcopists   to  the  adoption   of   the    term    "Viridite,"    which 

tbnices  them  all  and  serves  as  a  provisional  name,  until  the  different 

can  be  recognized  with  certainty. 

Epulfile  (silicate  of  alumina,  time,  peroxide  of  iron,  and  nuignenaX 

thich  «ecms  very  seldom  to  occur  as  a  normal,  but  only  as  a  secondary 

in  rocks,  generally  lines  little  fissures,  or  fringes  small  cavities. 

crystals  arc  usually  grouped  in  radial  aggregates,  have  a  yellowish 

en  colour,  and  exhibit  considerable  dichroism. 

Oih-int  is  a  mineral  of  not  uncommon  occurrence  b  basalts  and  in 

few  other  eruptive  rocks  (Lhcrzolilc,  &c).     The  crystals  usually  have 

lh«ir  angles  rounded  off,  polarise  in  feeble  colours,  and  frequently 

Main  minute  wsicles.     Olivine  is  often  jjarlly  or  entirely  replaced  by 

cntine  or  other  hydrous  magnesian  silicates,  under  which  circum- 

iccs  it  shows  either  fringes  of  altered  matter  along  the  margins  of  the 

^sials  and  along  fissures  in  them,  or  else  it  exhibits  the  polpynchctic 

l-Oructurc  which  is  so  characteristic  of  pseudomorphs,  fig.  3,  pi  LIX, 

Htmattie  ({leroxide  of  iron)    when   crystallirxst   (specular  iron)   is 

lerally  of  a  red  or  orange  colour  when  seen  by  ordinary  traiismitted 

iL      Magnetite   (i-\'0.Ke,Oi},    limonite    (Fe,0»H)0),    and    pyrites 

[(FcSi)  are  nearly  always  opaque,  and  it  is  necessary  lo  use  reflected 

i/nler  to  discriminate  between  them.     Titaniferous  iron  is  also 

cnl  occurrence  in  many  rocks.     Much  of  the  magnetic  iron  is 

ttitimferous,  but,  as  a  rule,  the  titaniferous  irons  give  more  or  less 

Ibexagonal  outlines,  while  magnetite  generally  shows  only  isometric  forms. 

jIn   some  leases,  however,  long  aggrc^-ates  of  octahedra  of  magnerite 

and  cubes  of  pyrites  are  someiiuics  so  disposed  as  to  form 

fdongaled  rods,  by  the  symmetrical  apposition  of  cubes  in  straight  linos- 

In   aJdilion   to  the  minciaU   alreaiJy  mentioned,  the  studeui  s\iuu\^ 

Q  a 
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familianse  himself  with  many  others  which  are  of  conunoD 
and  with  the  group  of  the  zeolites,  which  arc  often  present  I 
rocks.  The  above  is  a  mere  sketch  of  a  few  of  the  prin 
forming  minerals;  for  further  information  the  reader  is  I 
Zirkcl's  "  Mikroskopisrhc  Haschaffcnhcit  dcr  Mineralien  und 
Rosenbusch's  "  Mikrokopische  Phisographie  der  Mineralien,' 
continental  works  on  Micro- Peirolo^-.  Several  papers  upon 
jecis  will  also  bc  found  in  the  "Quarti.T!y  Journal  of  the 
Society"  (London),  "The  Memoirs  of  the  Geological  Sur 
land),  "The  Monthly  Microscopical  Journal,"  "The  Tran 
the  Royal  Irish  Arademy,"  "The  Geological  Magazine, 
"Popular  Science  Review," 

SI*.  nicroKroptrml  Exunlnnflvn  at  Ki>«kii.*~Rocks  OR 
of  mineral  matter  i:itiicr  in  an  amoqjhous,  cr>'ptocrystalline,  < 
crystallized  condition,  the  componcnl  particles  or  crystals  N 
together  hy  a  cement  or  paste,  in  some  cases  simitar  tc 
differing  from  the  individual  components  of  the  rock  in  ch 
physical  characters.  The  object  to  be  attained,  therefore; 
sc^ic  examination  of  thin  sections  of  rocks  is  to  ascertain 
nature  of  the  minerals  which  compose  them,  and  lo  acqui 
tion  relative  to  the  state  of  aggregation  of  the  component 
phj'sical  features  of  interest  which  they  may  present  either  i 
or  collectively.     Rocks  may  conveniently  be  classed  as 


Sedimentary  JtxJcs. 

In  the  mineral  composition  of  sedimentary  rocVs  we ' 
the  earliest  known,  to  the  latest  geological  periods,  there  ia 
than  a  repetition.  Yet,  although  they  vary  but  slighdy  in  chi 
jKwition,  regarded  qualitatively,  and  often  quantitatively,  the 
sidcrably  at  ttnu-s  in  their  physical  chararters,  while  the  dii 
of  the  fossils  which  ihey  rcsjicctively  contain,  sufTR-iently  D 
ver)'  t-arying  condi''  -"^  'f  dejHh  under  whicli  ilicy  wei 
de[)0!ii(c«l.  and  lo  \i\  lb«-  distribution  of  animal  an 

life,  whi'  '  .\lmo«t  countless  seric) 

in  I'"-  •  luid  water  on  thci 

.glol'  _ 

^^and  present  subaqtM 
b--.  ^^^kifiir«l  by  the  chas 

c|ioiitcd  at  ihf 
I  i.'3iion,tl{ 
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or  the  extinction  of  the  submarine  tenantry  being  closely  connected 
with  the  nature  of  their  feeding  grounds,  and  with  the  diminution  or 
increase  of  the  depth  between  the  surface  of  the  water  at  which  those 
grounds  have  stood  at  different  times,  coupled  with  other  variations  of 
physical  conditions  which  have  helped  to  render  certain  areas  populous 
or  sterile.  No  one,  for  example,  who  has  seen  strata  hundreds  of  feet 
in  thickness,  which  are  almost  or  entirely  devoid  of  fossils,  and  has  then 
met  with  little  narrow  beds,  belongii^,  perhaps,  to  the  same  series,  but 
in  which  organic  remains  are  densely  crowded,  can  help  feeling  that 
such  differences  are  due  to  physical  changes,  many  of  which  are  harder 
to  explain  than  to  believe  in. 

The  sedimentary  rocks  may  conveniently  be  classed  as  argillaceous, 
arena^antSy  and  calcareous.  The  first  embraces  mud ;  indurated  mud,  or 
mudstone ;  mudstone  fissile  in  the  direction  of  bedding,  or  shale ;  mud- 
stone  fissile  in  directions  other  than  that  of  bedding,  slate.  These  may 
also  contain  admixtures  of  free  silica  or  calcareous  matter,  giving  rise  to 
sandy  shales,  calcareous  slates,  &c.  Rocks  of  the  argillaceous  group, 
when  free  from  such  admixtures,  consist  chemically  of  hydrated  silicate 
of  alumina. 

The  arenaceous  group  of  the  sedimentary  rocks  comprises  sands, 
sandstones,  or  sands  in  which  the  granules  of  silica  are  bound  together 
by  a  cement  either  of  silica,  oxides  of  iron,  carbonate  of  iron,  carbonate 
of  lime,  &C. ;  grits  in  which  the  grains  are  coarser  (as  in  the  millstone 
grit),  or  in  which  the  grains  are  no  longer  separable  but  form  a  fine- 
grained compact  rock  (as  in  the  Denbighshire  or  Coniston  grits), 
puddingstone  and  siliceous  conglomerates,  in  which  rounded  pebbles  of 
silica  are  imbedded  in  a  matrix  either  of  silica  or  of  some  other  sub- 
stance. The  rocks  of  this  group  may  also  contain  various  admixtures 
of  calcareous,  argillaceous,  and  other  matter. 

The  calcareous  group  includes  all  limestones  friable  and  earthy,  as 
chalk,  &C.,  cryptocrystalline,  as  in  some  carboniferous  and  other  lime- 
stones, or  with  a  well-developed  crystalline  structure,  as  in  statuary 
marbles.  These  may  also  contain  admixtures  of  arenaceous  or  argilla- 
ceous matter,  so  that  we  may  have  sandy  and  argillaceous  limestones. 

By  comparing  thin  sections  of  the  rocks  belonging  to  these  three 
groups  under  the  microscope,  they  may  afterwards,  as  a  rule,  be  easily 
distinguished  from  one  another.  By  an  examination  of  such  sections  of 
slate,  it  may  be  seen  that  the  component  particles  have  been  re-arranged 
by  pressure  with  their  longest  axes  in  the  directions  in  which  cleavage 
takes  place,  while  in  a  section  of  ordinary  shale  or  mudstone,  the  longer 
axes  of  the  particles  will  be  seen  to  follow  the  planes  of  lamination  or  bed- 
ding, The  polarisation  of  the  quartz  granules  in  sandstones  and  grits  suffi- 
ciently serves,  as  a  rule,  to  distinguish  them,  while,  in  the  calcareous 
group  of  rocks,  when  they  are  crystaXiine  the  twinning  of  the  compon^nx. 
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granules,  or  imperfecdy  developed  crystals  of  calcspar,  when  viewed 
polarised  light,  is  usually  well  marked. 

Eruptive  Rocks. 

The  eruptive  rocks  are  generally  divided  into  two  groups : — 

a.  Those  which  contain  over '60  per  cent  of  silica,  and 

b.  Those  which  contain  under  60  per  cent  of  silica. 

The  former  have  for  the  most  part  never  reached  the  surface, 
what  at  the  time  of  their  extrusion  was  the  surface,  but  have  solidii 
beneath  more  or  less  considerable  masses  of  superjacent  rock,  white 
latter  have,  as  a  rule,  actually  reached  the  surface  and  have  often  b< 
poured  out  as  lava  flows.*     The  rocks  of  the  former  group  are  of 
spoken  of  as  plutonic,  in  contradistinction  to  the  latter  group  which 
called  volcanic.     It  is,  however,  evident  that  the  causes  which  tent 
to  force  upwards  the  rocks  of  the  one,  are  identical  with  those  wh 
forced  up  the  rocks  of  the  other  group ;  the  fact  of  their  reaching 
surface,  or  not,  having  been  governed  by  circumstances  over  which 
chemical  composition  of  the  molten  rock  had  no  control,  althoi 
those  circumstances  may  have   modified  or    changed  the  cbemi 
mineralogical,  and  physical  characters  of  the  ejected  or  pseudo-ejec 
matter. 

Since  these  remarks  are  merely  intended  for  the  assistance  of  tb 
who  are  just  entering  upon  this  branch  of  microscopic  study,  onlj 
few  of  the  most  important  rocks  will  now  be  dealt  with.  Among  Um 
which  contain  over  60  per  cent,  of  silica,  the  granites,  symitic  grwui 
symites,  quartz  porphyries,  and  felstones  are  of  most  common  oca 
rence,  as  eruptive  masses  and  dykes,  which  have,  as  a  rule,  solidtft 
deep  beneath  the  surface  of  the  earth,  while  trachytes  and  some  of  t 
pitchstones^  tAsidians,  and  rhyolitic  rocks  may  be  regarded  as  typical 
the  superficially  extruded  matter,  or  lavas,  in  which  a  high  percenU 
of  silica  is  present 

In  microscopically  examining  sections  of  different  granites,  we  fi 
the  same  minerals  frequently  developed  on  a  small  scale,  which  «e  1 
able  to  identify  (often  with  the  naked  eye),  as  occurring  in  the  su 
rocks  on  a  large  scale,  but  in  addition  to  this,  we  are  at  times  at^ 
detect  the  presence  of  other  minerals,  which  would,  from  their  min' 
dimensions,  remain  unnoticed ;  moreover,  by  polarised  light,  the  felsp 
which  help  to  compose  some  granites  are  seen  to  be  partly  orthocl 
and  partly  plagioclase.  The  micas  will  be  readily  recognized  under 
microscope  by  the  foliated  structure  visible  in  sections  cut  transvers 
or  obliquely  to  the  basal  plane,  while  the  quartz,  which  is  easy 
recognition,  will  frequently  be  found  to  contain  other  minerals,  suet 

*  Some  rocks  which  have  actually  reached  the  surface  and  have  formed  Un  fl 
tielODg,  however,  to  the  ^xA  gtoup,  such  as  trachytes,  rhyolites  &c. 
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Kdls  of  apatitf^  mica,  Sic,  tugcthcr  with  minute  Ucunaf,  filled  some- 
wiih  fiuid,  in  wbich  small  bubbles  and  occasionally  Htilc  (.rystaU 
be  delected  under  moderately  high  powers.  MagnctiU,  fiyrsla, 
jitoHi/mms  iron  are  also  of  frvqueni  occurrence  In  granites,  but  the 
licrof  difieteni  minerals  which  have  been  observed  in  rocks  of  this 
Uiually  oceumng  in  subordinate  proportion  to  the  more  common 
,0  ponents,  is  &o  great  that  an  enumeration  of  them  would  here  be  out 
place. 
/iiTHbhndt  is  by  no  means  an  uncommon  ingredient,  and  when 
occxini&g  m  tolerable  quantitjr,  the  rock  is  spoiien  of  as  syenititgra/ii/t. 
\j\i£ix  horniiUntU  eniiiety  replaces  the  mica,  the  rock  is  called  symie  by 
atyme  pctTologtsts,  wliile  others  restrict  that  name  to  a  rock  whose  chief 
ciiHioncnu  are  orthoclasc  and  hornblende.  By  the  naked  eye,  as  well 
jibjnicans  of  the  raicroscoiie,  it  may  be  noticed  that  granites  some- 
tiflict  contain  diiierent  raicaii,  such  as  muuevitt,  biotite^  Upidtiliu,  &c 
'I'bc  \i!x^  may  be  known  by  the  red  colour  which  it  imparts  to  the 
bltfwjHpc  flamc^  while  the  twu  former  spcLies  may  usually  be  dis- 
liD|aittied  from  one  another  by  their  dtiference  of  colour  when  seen  by 
tfdiiary  reflected  UgbL  It  must,  however,  be  borne  in  mind  iliat  there 
ue  oUiei  magnesia  and  lithia-contaimng  -  micas  besides  biotile  and 
kpiiklitc,  although  many  of  them  arc  not,  so  far  as  we  know,  species  of 
OauDOD  occurrence. 

Id  the  qitartS'j^rphynes,  or  etvans,  as  they  are  sometimes  called,  we 
find  thu  much  of  the  quaru  and  felspar  which  they  contain  is  so  in- 
'  .  mixed,  that  the  matrix  or  paste  of  such  a  rock  merely  presents 
_  i^orance  of  a  iinely  granuiar  or  cryptocrj-stalline  aggregate  o£ 
likx  materials,  wluch,  by  polarised  light  exhibits,  as  a  rule,  a  fine 
■aax-tike  appearance,  caused  by  the  strong  poLuisatioa  of  the  quartz 
ami  (be  less  strong  poliUL&ation  of  the  fcUijaiiiic  matter,  or  perhais  of 
HuK  of  the  quartz.  Such  aa  iniimate  admixture  of  quarlt  and  oriAih 
(ku  u  spoken  of  as  /e/si/ic  malftr,  and  it  constitutes  the  [mncipal 
{uitun  of  those  rocks  known  m/(istunrs,/tisHes,  or  earites.  These  are 
UQKiunci  porpkyrittCt  through  the  development  of  crystals  of  ortko- 
diu,mif(l,  k0mblfnde,  &c,  while  the  true  quanz- porphyries  always  con- 
Uifl  dearly  discernible  crysuls  or  rounded  grains  of  i:)tiart2,  and  fre- 
queiulj  weU-develoiwd  crystals  of  orthoclasc,  mica,  &c.  It  should  be 
BcxtO  ihu,  although  sejiaralc  names  are  given  to  the  rocks  just  men- 
lioneil,  their  mineral  and  qualitative-chemical  composition  is  pretty 
notb  tkc  same  and  in  some  cases  identical.  Indeed,  we  may  even 
lr»«  the  passage  of  i/tutr/s/vryAyritj,  or  tivuns,  into  graniU,  the  former 
mduowolly  foratmg  spurs  or  dykes  which  have  eiuanatcd  from  deep- 
»aKd  pwiiiic  masses.  Il  would  appear,  then,  that  Ihcw;  rocks  vary 
niiur  in  physical  than  in  mineratogical  or  chemical  character,  and  we 
may,  therefore,  regard  the  special  names  applied  to  them  as  indicAidv^ 
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of  physical  peculiarities,  which  have  been  governed  by  the  various  ror^^ 
ditions  under  whirh  these  rock  masses  of  approumatcly  identical  con-^. 
position  have  solidified. 

GranuUte,  leptyniit,  or  Tfossstein  may  be  regarded  minemlDgicar^^y 
as  a  granite  in  which  the  mica  is  absent,  and,  indeed,  felftone,  vhc^^n 
free  from  mica,  may  be  considered  as  a  fine-grained  version  of  granulit:::^ 
The  rock  known  as  minetlt  is  composed  in  great  part  of  rn-^tak 
magncsian  mica  imbedded  in  a  fcUpalhic  matrix,  in  which  aUo  crysta 
of  orthoclase  have  sometimes  been  well  formed. 

Kenantiti,  a  rock  tj-pically  developed  in  Brittany,  diffcis  fn^^ 
roincttc  in  the  felspathic  component  being  plagioclase  instead  of  fri» 
Haie.  The  whole  of  the  rocks  just  alluded  to  haiv  been  met  with  orm  1- 
in  the  form  of  bosses,  dykes,  or  intrusive  shecis  between  stralificd  rocBc 
and  they  ha\'e  ne\'cr  been  observed  as  actual  lava  flows,  but  to  say  ths^ 
rock  masses  of  such  composition  have  never  reached  the  surface  xw\ 
have  never  consummated  in  a  Ia^■a  flow,  would  be  one  of  those  hliwn 
perversions  of  the  truth  which  a  forced  and  unnatural  classification  to 
often  begets. 

The  trathyles    arc   roclcs   analogous    in    composition   !o  some      ^>|J 
those  of  which  wc  have  already  been  speaking,  and  even  though  j«i 
dine  be  separated  from  orthoclase,  and  Irtdymtte  from  fttarit,  as  disL 
mineral  spcrics,  yet  it  is  impossililc  lo  tam[H'r  with  |icrceninge  coni[ 
tinn,  ami  it  seems  proliable  that  in  time  trachyte  n-ill  be  recogntMKl. 
the  lava  emanating  from  deep-seated  granitic  masses,  and  that  the  ter-razmi] 
"w/iawV"  and  "//w/Wr"  will  be  regarded  as  obi^lcte  espresso 
measurement,  not  as  those  of  a  fixed  and  immutable  boundary. 

Phonolite  or  clinkstone  is  a  greyish  rock  composed  mainly  ot 
dine  and  nephcline,  together  with  a  little  sphcnc,  and  sometimes  sat 
pyrites.     Interesting  and  wclUillusI rated  papers  have  been  written  u| 
the  Sjixon  phonoliies,  by  Dr.  H.  Mohl,  and  on  those  of  Bohemia,  fc__' 
Dr.  Em.  Borirky,  while  a  description  of  the  phonoUlc  constituting  ll^^J 
Wolf  Rock,  off  the  coast  of  Cornwall,  by  Mr.  S.  Allport,  has  bern-i 
published  in  the  "Geological  ^fagrlrine.*■     I  rmy  add,  that  the  studan 
of  volcanic  petrology  will  gain  much  useful  information  from  a  penal 
of  the  papers  lately  written  by  Professor  J.  W,  Judd,  in  the  lost-raeo- 
lioned  periodical 

PiUhstone  and  obsidian  are  rocks  which,  although  somewhat  variable 
in  their  chcmica]  composition,  approximate  at  limes  to  oriJwetatf,    Tbcy 
are   all   more   or  less   vitreous  in  character,  the  obsidians  ■ 
Rocks,  however,  of  this  class  are  sometimes  found  in  such  p.>-     .      _a 
to  show  that  they  belong  to  very  old  ^ological  periods,  and  in  tucb 
cases  It  is  usual  for  them  no  longer  to  present  a  vitreous  lustre  but 
appear  perfectly  dull.     MicroscD[(ic  examination  shows  that  this  prorc 
of  devitrification  has  been  brought  about  by  various  physical  cl 
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frhich  the  rock  has  undergone,  one  of  the  most  frequent  of  which  is  the 
development  of  microliths  in  the  once  glassy  magma.     It  is  true  that 
ir%  many,  if  not  in  most,  pitchstones,  microliths,  often  of  very  beautiful 
fiyTJO,  may  be  seen  under  the  microscope,  but  in  such  instances  they 
/jjaTC  no  doubt  formed  during  the  solidification  of  the  rock,  and  fre- 
quently represent  such  minerals  as  augite,  hornblende,  &c.,  while  the 
little  microliths,  which  sometimes  utterly  devitrify  pitchstones,  are  sub- 
s^cjuent  developments.     In  the  pitchstone  from  Corriegills,  in  Arran, 
ly^autiful  &lii4ike   microliths   occur,    which    have    been    figured    and 
described  by  S.  Allport,  in  the  "  Geological  Magazine."    Some  rocks 
t>eloDging  to  this  vitreous  group  are   called   perlites,  from  either  the 
pearly  lustre  which  some  of  them  present,  or  from  the  fact  that  they 
consist  of  more  or  less  perfectly-formed  spherules  or  concentric  shaly 
structures,  which  afford  very  interesting  material  for  microscopic  study. 
Thiese  vitreous  rocks  also  frequently  contain  well-developed  crystals  oi 
felspars,  micas,  &c,  and  a  fluxion  texture  is  often  visible  in  them,  its 
presence  being  rendered  apparent  by  means  of  the  microliths  which 
sweep  through  the  stone  in  streams,  curving  gracefully  round  any  larger 
included  crystals  which  may  happen  to  lie  in  their  path. 

J^chsioms,  obsidians,  perlites^  &c.,  occur  either  in  dykes  or  as  lava 
flo'vv^  For  microscopic  examination  sections  of  these  rocks  should  not, 
as  a  rule,  be  cut  very  thin,  since  moderately  thick  sections  are  suffi- 
ciently transparent,  and  by  cutting  them  extremely  thin,  included 
spherules  and  crystals  are  often  torn  out 

-Among  the  basic  rocks,  or  those  containing  under  60  per  cent,  of 
silicia,  basalt,  diabase,  leueitophyr,  diorite,  and  gabbro  may  be  cited  as  the 
most  important    The  three  first  occur  as  lava  flows,  the  two  last  mostly 
33    intrusive  bosses,  but  dykes  of  basalt  (such  as  the  Great  Whin  Dyke 
in      the  north  of  England)  are  by  no  means  uncommon.     Those  who 
wisfc  to  study  the  different  varieties  of  basalt  in  detail,  would  do  well  to 
coi-^Kilt  the  writings  by  Dr.  H.  Mohl,  Dr.    Em.   Boficky,  Professor  F. 
Zirfcel,  Mr.  S.  Allport,  and  others.     Typical  basalt  consists  of  plagio- 
cUx^e,  augite,  and  magnetite,  or  titaniferous  iron,  but  other  minerals  such 
as    magn^sian  miea,  nepheline,  olivine^  &c.,  are  often  present,  sometimes 
tc»    the  exclusion  of  one  or  more  of  the  constituents  which  are  considered 
t3rp*icaL     The  plagioclase  is  usually  regarded  as  labradorite.     In  diabase 
cA^arite  is  present,  but  it  is  a  mineral  which  has  been  formed  at  a  period 
svitsequent  to  the  solidification  of  the  rock,  and  is  essentially  an  altera- 
tion-product    Mr.  Allport  regards  diabase  as  a  decomposing  phase  of 
basalt     The  felspars  in  the  Saxon    diabases   are  stated  by  J.  F.  E. 
t>athe  to  be  oligodase.     It  yet  remains  to  be  seen  in  how  many  rocks, 
^therto  called  basalts,  the  felspars  really  are  labradorite.     Indeed,  if 
■*e  admit  that  the  labradorite  may  be  entirely  replaced  by  nepheline, 
*nd  the  rock  may  still  be  allowed  to  retain  the  name  of  basalt  (ne^he- 
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line  basalt),  it  seems  scarcely  fair  to  deny  that  name  to  a  similar  rock  ic 
which  oligoclase  plays  the  part  of  labradorite,  nor  is  this  denied  b^ 
recent  writers. 

The  great  difficulty  in  petrological  nomenclature  appears  to  lie  i_ 
the  impossibility  of  framing  a  definition  for  a  rock,  which  may  vary  vcm 
largely  in  the  nature  of  its  mineral  components.     Such  definitions  ac: 
necessary  evils,  since,  in  these  classifications,  we  arrange  separately 
number  of  links  which  in  nature  seem  to  form  an  unbroken  chain, 
that  our  fanciful  and  often  grotesque  arrangement  of  them  is  more 
less  unnatural 

The  diorites  may  be  defined  as  rocks  composed  of  piagioclase,  Aa^ 
blende,  and  usually  magnetite  and  titanic  iron.  Apatite  is  often  pres^ 
and  sometimes  quartz,  in  which  case  the  rock  is  spoken  of  as  a  "  qua-ji 
diorite."  Gabbro  is  a  name  which  has  borne  many  different  signifi^ 
tions,  but  it  is  now  generally  regarded  as  a  mixture  of  plagioclase  aj 
enstatite,  or  plagioclase  and  diallage,  together  with  other  minerals,  sa< 
as  magnetite,  apatite,  &c 

The  foregoing  notes  may  serve  to  some  extent  to  guide  the  begiaxk 
in  his  petrological  studies  with  the  microscope.  Little  or  nothing  h, 
here  been  said  about  the  crystalline  schists  and  other  metamorpli 
rocks,  since  a  successftil  study  of  them  can,  as  a  rule,  only  be  effecx« 
when  observations  upon  them  are  made  in  the  field,  and  the  resuJ 
compared  with  those  furnished  by  microscopic  and  chemical  investi^ 
tion.  The  drawings  in  pis.  LVIII  and  LIX,  pp.  334,  228,  may  be 
use  to  the  beginner  in  helping  him  to  recognise  some  of  the  rao 
common  rock-forming  minerals  under  the  microscope. 

STl.  CryaUds  of  one  Mineral  cnclaae«l  In  nnotbcr. — The  enclosu 
of  crystals  of  one  mineral  within  another  belongs  to  a  long  series 
interesting  facts,  which  have  been  fully  described  in  a  work  special 
devoted  to  the  subject.*  Any  one  who  has  not  examined  the  mien 
scopical  structure  of  some  rocks,  would  hardly  believe  the  extent  t 
which  this  occurs.  The  minerals  in  erupted  lavas  are  often  full  c 
minute  crystals,  and  it  is  easy  to  understand  why  chemical  analyse 
should  frequently  give  such  anomalous  results.  Care  must  sometime 
be  taken  not  to  confound  such  included  minerals  with  cavities.  ^3 
using  polarised  light  we  are  generally  able  to  distinguish  them,  thou^ 
it  must  be  admitted  that  transparent  crystals  having  no  double  refractica* 
might  appear  very  much  like  cavities /■//«/  with  some  liquid.  The  mo^ 
satisfactory  proof  of  the  presence  of  actual  cavities  is  the  formation  of 
bubble  when  the  temperature  is  reduced,  but  in  other  cases  we  shoul  ' 
observe  whether  the  enclosed  form  is  that  of  an  independent  Eoinut' 
crystal,  or  very  nearly  corresponding  in  shape  to  that  of  the  large: 
crystal,  as  is  the  case  with  cavities. 

'  Sochting.     "  Einschliusc  vob  Mmeralen."    Fretbar{^  1860. 
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vjj.  mt  thr   raTitirs   In   Ciriuoa. — The  study  of  these  cavitk), 

mBAiks  Mf.   H.    C.   ^rby,   constitutes   a  very   itaportaat   branch   of 

L-nijuiry,  since  by  studying  c!iem  we  may  often  learn  under  what  condi- 

irins  the  rock  was  fomit'd,  as  I  hnve  shown  in  a  paper  published  some 

fors  a^jo,    in   the    "  Quarterly   Journal  of    the   Cieologi<:al   Society," 

ml  XIV,  p.  453.    'Itie  following  is  a  short  abi^tiact  of  this  memoir : 

"  In  this  pa|Kr  the  author  showed  thai,  when  artificial  crystals  are 

cosnincd  with  ihe  microscope,  it  is  seen  that  ihey  have  often  caught 

up  And  enclosed  within  theii  solid  substance  portions  of  the  material 

wrrounding  them  at  the  time  when  they  were  being  formed.     ITius,  If 

Ihey    arc   produced   by  sublimation,  small    portions  of  air  or  vapour 

uc  caught  up,  so  as  to  form  ap|>arcntly  empty  cavities;  or,  if  they  arc 

deposited  from  solution  in  water,  small  quaijtities  of  water  are  enclosed, 

Mas  to  fomi  fiuiii-<aviii<s.     In  a  similar  manner,  if  crj-stals  are  formed 

ttom  a  state   of  igneous  fusion,  crystallising  out  from  a  fuacd-stunc 

>-!''  :U,  portions  of  this  fused  stone  become  entangled,  which,   on 

t  tj  i[^  remain  in  a  glass)*  condition,  or  become  stony,  so  as  to  pro- 

*ice  what  may  be  called  ^iass-  ot  sUme-taviim.     All  these  kinds  of 

carities  can  readily  be  seen  with  suitable  magnifying  powers,  and  dis- 

(■■gntdifd   from   each  other  by  various  definite   peculiarilicii.     From 

il^cie  and  other  facts,  the  following  conclusions  were  deduced : 

I.  Crystals  containing  only  cavities  with  water  were  formed  from 
*oli)iion. 

3.  Crystals  containing  only  stone-  or  glass-caviiics  were  fonned  from 
*  state  of  igneous  fusion. 

3.  Cr)-staU  containing  both  water-  and  stone-  or  glass-cavities  were 
'Onoed,  under  great  pressure,  by  the  combined  Inlluencc  of  highly 
■^atcd  water  and  melted  rock. 

4.  That  the  relative  amount  of  water  present  in  the  cavities  may,  in 
'^c  cues,  be  employed  to  deduce  the  temperature  at  which  the 
''JwaU  were  formed,  since  the  accompanying  vaxruity  is  due  to  the  con- 
""ciion  of  the  fluid  on  cooling. 

5.  Crj-sials  containing  only  empty  cavities  were  formed  by  sublima- 
^'^  unless  the  cavities  are  fluid-cavities  that  have  lost  their  Huid,  or 
'^  bubbles  of  gas  given  off  from  a  subsunce  which  was  fused. 

6.  Cryf>tais  containing  few  cavities  were  fonned  slowly,  in  comparison 
^^*\  those  of  the  same  material  that  contain  many. 

>.  Cr>'sLals  that  contain  no  cavities  were  fonned  very  slowly,  or  by 
""*  cawling  from  fusion  of  a  pure,  homogeneous  substance." 

Independent  of  their  connection  with  the  origin  of  rocks,  these 
™'^-c«?itica  are  very  interesting  as  microscopical  objects,  since  the 
""^^ll  bubbles  which  they  contain  exhibit  spotttaneous  moUcuiar  mmtmeni. 
™  Ulosiiations  of  such  cavities,  the  reader  is  referred  to  figs,  i,  a,  in 
1^    LVI,  jL  sift.     In  fig.  I  is  a  cavity  in  a  crystal  of  ncphcline,  from 
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one  of  the  ejected  blocks  of  Monte  Somma,  and  shows  two  different:;;^ 
kinds  of  included  substances,  water — or  rather  a  concentrated  salin^^^ 
solution,  from  which  small  crystals  have  been  deposited — and  a  ^heriarsrssrl 
bubble.     Fig.  2  is  from  the  quartz  of  granite,  with  a  very  small  bubbl^^^ 

which  moves  about  freely  in  the  fluid  contained  in  the  cavity.    It  is  nuK. , 

when  such  bubbles  are  very  minute  that  their  movement  is  decidecazzi 
When  they  are  less  than  the  y^rW^^  *"^^  '"  diameter,  they  frequent'^y 
swim  about,  as  it  were,  in  the  liquid,  and  might  be  mistaken  for  miou  ~ve 
animalcules.     Brown,  in  a  paper  printed  in  1827,  showed  that  mimL-iie 
solid  or  even   liquid   particles   contained  in  another  liquid  possess        a 
natural  molecular  movement,  quite  independent  of  any  currents,  aKr^d 
this  motion  of  the  bubbles  in  fluid-cavities  appears  to  me  to  be  in  ^mX\ 
respects  the  same,  except  that  the  moving  body  is  not  a  solid  particle, 
but  a  gaseous  globule.    See  p.  195.   As  far  as  I  am  aware  no  satisfactc»s-y 
explanation  has  been  given  of  this  curious  phenomenon,  and  I  can  oraly 
suggest  that  it  is  in  some  way  related  to  those  molecular  movements  «=»n 
which  sensible  heat  appears  to  depend. 

SIS.   or    tbe    HlcroicoplcBl    Stmetare    of    Iron   and    itcd. — T'tie 
microscopical  structure  of  iron  and  steel  is  best  shown  by  polish^^cl 
surfaces  slightly  acted  on  by  very  dilute  nitric  acid.    The  section  sho&ilcj 
be  cut  in  the  required  direction  by  means  of  a  saw,  and  ground  or  fil^^ 
down  to  a  convenient  thickness,  and  fixed  to  a  piece  of  glass.    IT^c 
upper  surface  should  then  be  filed  level,  and  dressed  with  coarser  ajid 
finer  emery  paper,  and  afterwards  ground  smooth  with  a  bit  of  soft 
Water-of-Ayr  stone,  about  ^inch  square.     Every  trace  of  roughn^^ 
should  then  be  removed  by  means  of  rouge  and  water  on  cloth ;    few 
unless  the  surface  be  extremely  well  polished  the  structure  of  soxxike 
kinds  of  iron  cannot  be  seen.     It  must  not  be  that  sort  of  polish  wbiic:! 
merely  gives   a   bright   reflection,    but   one  which   may  show   all    t>ie 
irregularities  of  the  material,  and  is  as  far  removed  as  possible  from     a 
burnished  surface.     All  trace  of  the  rouge  should  be  washed  ofl)  a.rmd 
care  used  not  to  touch  the  surface  with  the  fingers,  which  is  then  act^^ 
on  with  extremely  dilute  nitric  acid.    If  the  action  be  allowed  to  proce-^^ 
too  far,  the  most  important  points  in  the  structure  may  be  entire-lj' 
obliterated ;  and  therefore  it  is  well  to  take  the  section  out  of  the  solution 
and  examine  it  under  water  in  a  glass  trough,  and  again  act  on  it  witJi 
acid,  time  after  time,  until  the  structure  is  seen  to  the  greatest  adva^i- 
tage.     The  section  must  then  be  well  washed  and  quickly  dried  t»y 
wiping  the  surface  with  a  handkerchief;  and  after  slightly  rubbing  it  c:»o 
soft  wash-leather,  a  thin   glass   cover  must  be  mounted  over  it  wit-h 
Canada  balsam. 

Of  course  such  sections  must  be  examined  by  reflected  light  Fc 
this  purpose  no  illuminator  is  better  than  the  parabolic  reflectors  saf 
plied  by  Messrs.  Beck,  which  were  in  fact  first  made  for  me,  for  thi    -^ 
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special  purpose.    I  afterwards  added  another  small  reflector,  inclined  at 
2Xt  angle  of  45",  attiched  10  a  movable  arm,  so  that  wc  may  sec  an 
object  hy  direct  reflection.    The  general  construrtion  will  be  seen  from 
%  3.  pi  LVl,  p.  3(8,  copied  from  Mr.  Richard  Beck's  paper  in  the 
"Tranvictions  of  Ihc  Microscopical  Society"  (vol.  XTII,  p.  117).     The 
small  reflector  ts  seen  at  m,  with  a  scmiH-_ylmdrical  tube  x,  10  shut  off 
the  light  reflcclcd  by  the  parabola.     When  the  latter  is  used  the  small 
reflector  is  lunjed  away  by  means  of  the  milled  head  w,  into  the  position 
indicated  by  the  dotted  lines.     The  difiia-cncc  between  the  two  illumi- 
nations will  be  seen  from  figs.  4  and  5.    When  the  parabola  is  used, 
^ht  pBsing  from  J  is  reflected  from  /,  Gg.  4.  and  if  the  object  ^  has  a 
potiAed  surface,  is  again  reflected  to  e,  iiuite  out^iide  the  object-glass  ir, 
*o  thai  a  polished  surface  appears  black,  whilst  at  the  same  time  a  rough 
'•'rfcce  appears  white  or  coloured  by  difftised  reflection.     When,  how- 
ever, the  small  reflector  i'.  fig.  5,  is  half  over  the  object-glass,  the  light  is 
refldricd  through  the  other  half  of  the  lens  r,  in  such  a  manner  that  a 
J>oli!hcd  surface  appeared  bright,  and  a  rough  surface  comparatively 
dart.    Wc  can  thus  distinguish  at  once  the  difference  between  black 
*l«ag  and  that  very  hard  constituent  of  some  kinds  of  steel,  which 
r*=niains  so  bright  and  ijolishcd  after  ha%'ing  been  acted  U])on  by  cold 
diluted  acids,  as  to  look  quite  as  black  a&  the  stag  by  ordinary  illumina- 
(■on,    In  fact,  I  may  say  that  in  studying  iron  and  steel  such  an 
illtimiDaior  is  indisi>ensable. 

114.  at  rrciMrtair  P«««Ui  for  MIcroncoplrat  ExMmlnallvtL— Dif- 
I^CX'ttt  methods  of  prcp-iraiion  arc  required  in  examining  Ihc  various 
foBsik.  Many  kinds  of  fossil  hone  and  some  forms  of  teeth  may  be 
prepsred  according  10  ihe  directions  given  in  p.  98.  In  cases  in  which 
•"lici  is  ptesent  the  section  mu^l  Ijc  made  a.s  described  in  p.  3if>.  It 
"^  brittle,  one  surface  of  a  thick  section  may  be  ground  and  polished. 
'''his  b  ihcn  to  be  cemented  to  the  glass  slide  with  Canada  Ijalsam,  and 
^c  opposite  side  ground  until  sufficiently  thin,  when  it  may  be  polished 
^  Uit  usual  way,  wetted  with  buLsani,  and  covered  wiih  thin  glass. 

I'hin  chips  of  flint  and  other  siliceous  structures  often  answer  as 
*^'l  as  thin  sectioiu  ground  and  polished  with  a  great  expenditure  ol 

T*bc  structure  of  many  fossils,  the  mineral  matter  of  which  consists 
^  Carbonates  or  phosfihates,  may  be  investigated  after  the  salts  have 
~**n  diuoivcd  out,  or  only  softened  by  being  soaked  for  some  time  in 
ydrochloric  acid  diluted  with  water  or  mixed  whh  glycerine.  Dr.  Gir- 
'^^tcr  gives  the  following  directions  for  demonstrating  the  structure  of 
^^*^jnn  Canadense :--"  The    minute    structure  of   Egzoon    may  be 


^c-i-,. 


■'^tnained  by  the  microscopic  examination  either  of  thin  transparent 
^^'ions,  or  of  portions  which  have  been  subjected  to  the  action  of 
^'^^c  acidit,  so  u  to  remove  the  calcareous  shell,  leaving  only  the 


238  HOW  TO  WORK  WITH  THE  MICROSCOPE. 

internal  casts,  or  models,  in  silex,  of  the  chambers  and  other  cavities, 
originally  occupied  by  the  substance  of  one  aninuL" 

SIB.  or  PreparlnK  SverineuB  %t  Coal  f»r  ailereseopteal  BtimIm        . 

tlon. — Coal  is  one  of  the  most  difficult  substances  to  cut  into  thin     .^-. 
sections.     It  is  so  opaque  that  no  structure  can  be  discerned  unless  it  is.^^ 
ground  exceedingly  thin,  and  so  brittle  that  it  often  breaks  up  in  tbe^^^ 
operation  of  grinding.     It  is  said  that  the  coal  may  be  softened  *TXg-.^ 
maceration  in  a  solution  of  carbonate  of  potash,  when  sections  may  h««^^, 
cut  with  a  razor.     The  sections  are  partially  decolorised  by  being  gentla^  mi 
heated  for  a  short  time  in  strong  nitric  acid.    When  of  a  brown  colou', 
they  are  to  be  washed  in  cold  water  and  preserved  in  glycerine  ("  Mic 
graphic  Dictionary").    Cannel  coal,  being  less  brittle  than  ordinary  csaTl.^^ 
is  more  easily  prepared. 

THE  WORK  TABLE — OF  MAKING  AND  RECORDING  OBSERVATIONS — 
FALLACIES  TO  BE  GUARDED  AGAINST. 

7^  Work  Tablt. — Although  beautiful  work  tables,  furnished  wi^^ 
every  possible  requirement,  have  been  designed  for  microscopista^  j 
think  the  student  will  find  that  an  ordinary  table,  which  is  firm  ae.  jj 
steady,  is  all  that  he  really  requires.  It  should,  however,  be  well  mii  ^_j^ 
and  provided  with  a  few  drawers,  in  which  the  student  can  place  pac — ti- 
tions  for  himself  and  arrange  his  instruments  and  apparatus  in  the  mcr-^ 
convenient  manner. 

The  microscope  should  be  always  ready  for  use,  and  should  stlLj^Dd 
on  the  table,  covered  with  a  glass  shade,  to  protect  it  from  the  du^Lst 
This  is  far  more  convenient  than  the  plan  of  keeping  the  instrument  in 
its  case,  and  going  through  the  process  of  adapting  the  glasses,  &c,  ^tjid 
then  removing  them  again,  every  time  the  instrument  is  required. 

The  object-glasses,  eye-pieces,  condensers,  and  other  apparatus  r*3ay 
be  placed  in  a  little  cupboard,  provided  with  shelves  and  having  a  gljui 
door  with  lock  and  key. 

Knives  and  scissors  can  be  kept  in  a  shallow  box,  having  a  slas 
cover.     Drawing  instruments  in  a  second.     Thin  glass  and  glass  slidcj 
with  watch  glasses,  or  little  saucers,  in  a  third.     These  trays  should  a& 
be  properly  partitioned,  and  should  be  covered  with  a  plate  of  glass  to 
keep  out  the  dust,  and  kept  ready  for  use  on  the  work  table.    A  glass 
of  clean  water  should  always  stand  on  the  table,  and  some  pipettA^ 
stirring  rods,  and  camel-hair  brushes,  all  perfectly  clean,  should  be  pro- 
vided.   The  injecting  apparatus  and  instruments  which  are  only  required 
occasionally  may  be  kept  in  one  of  the  table  drawers.     A  portfolio  or 
pamphlet  box  is  necessary  for  keeping  drawing  paper,  cardboard,  tracing" 
and  retracing  paper,  scales  for  measuring,  small  gummed  labels  for 
attaching  to  the  slides,  &c 

All  things  really  necessary  for  ordinary  microscopic  work  may  be 
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lined  for  two  or  three  pounds,  but  it  b  ensy.  of  course,  to  spend 
pounds  or  moa*  ui>on  a  mirroscope  table  and  apiwratus.  I  have 
kV  always  made  use  of  an  urdinar>-  good  strong  lihiary  tnblc,  fitted 
I  drawen  uodemealh,  and  I  think  it  would  have  bet-n  diffinilt  to 
trive  anything  u|x>n  the  whole  more  convenient  or  better  adapted 
work.  The  mirroscojie  stands  on  the  table,  always  ready  for  use, 
er  a  bell  jar,  and  the  lamp,  fi^  5,  pL  XIV,  pi  24,  with  scissors, 
(W,  rkeedW,  and  other  I'kjIr  in  freqiitnt  use,  close  by. 
>14>  9i  KarpiMc  rpt-pRnitiana  In  ibe  Dibinct, — Preparations 
loted  in  the  dry  way,  or  in  Canada  balsam,  may  be  kept  upright, 
Jigcd  in  grooves,  but  all  prei>anitions  mounted  in  fluid  must  be 
wed  Lo  li«*  [>crfcrtly  flat,  olhcnri&e  there  will  be  great  danger  of 
a^  Cabinets,  holding  several  hundred  njiecimens,  arranged  in 
i  manna'  may  now  be  purchased  of  the  miarosi:o|)c  makers,  for  a 
r  imaJI  sum,  but  if  the  observer  is  provided  wiih  deep  drawers,  they 
r  be  made  available  for  the  purpose,  if  a  number  of  shallow  Lra)*s  of 
Btoard  arc  carefully  arranged  to  fit  them  accurately.  Eadi  prejiara- 
I  ^outd  be  named  a.^  soon  as  it  is  ]>ut  up,  and  it  is  convenient  to 
p  a  mimber  of  small  gummed  labels  always  at  hand  for  this  purpose. 
a  or  twice  in  the  year  a  new  layer  of  Brunswick  black  should  be 
lUed,  arvd  the  specimenfi  cnrefully  examined  to  see  that  no  leakage 
occurred.  The  cases  now  generally  sold  arc,  I  think,  preferable  to 
mcts,  and  of  the  cases  I  have  seen  the  most  convenient  are  those 
gated  by  Mr.  Piper,  and  sold  by  Mr.  Swift,  Mr.  Collini^  and  others. 
Eyare  made  for  two,  three,  six,  and  twelve  dozen  sjKcimens,  costing 
pecti*ely  2S.  6rf.,  3J.  firf.,  gj.  6J.,  and  lo*.  Cases  made  of  deal  are 
^ttongcd  on  the  same  plan. 

I17.  Of  BiBklnfi  4lkMrraiten«  upw  Spcdmena  In  thr  Mlrrtnrupr.-^ 
Upon  examination,  a  specimen  does  not  appear  to  the  obwrn-cr  to 
tify  the  description  or  drawing  which  some  authority  has  given  of  a 
■far  rtrwrtupe,  he  must  not  too  hastily  infer  that  the  author  has  been 
mdtng  the  results  of  his  imagination  rather  than  observed  facts.  The 
tdosions  which  have  been  arrived  at  arc  probably  the  result  of  a  very 
igand  patient  investigation,  deduced  from  examining  many  specimens, 
ihqx  under  very  different  circumstances,  after  the  application,  it  may  be, 
■nrious  chemical  reagents,  and  after  ascertaining  the  effect  of  dilTcrent 
hflke  media.  From  the  remarks  alrc.iny  made,  some  idea  may  be 
^pof  the  manydiflcrcnt  operations  which  arc  necejisary  to  demonstrate 
■Efamly  the  anatomy  of  a  single  tissue.  The  beginner  must  not,  there- 
•i^  be  hasty  in  deciding  as  to  the  exact  narun;  of  the  object  which  he 
an  die  microscope  ;  neither  must  he  infer  that  what  he  has  not  been 
>it  lo  see  does  not  therefore  exist.  His  eye  and  mind  will  re<iuire 
Kh  ordul  education  before  he  can  hope  to  be  able  to  form  3  correct 
teient  eoncemir^j  many  thing's  thai  he  will  meet  with. 
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Some  stu<l«nls  are  liable  to  ^1  into  an  error  of  another  kind, 
less  dclrimcnul  to  forming  h.-ibils  of  correct  obstrvation.  Led  ai 
their  imoginalion,  they  think  they  see  evcrytliin^j  which  has  been  d«li 
ated,  or  which  they  have  heard  described ;  the  obsen'stions  of  a|H 
are  confirmed  in  the  most  positi%'e  nunner,  and  expresaioTu  oM 
resembling  those  already  employed  are  used  by  the  obser*'cr  who  foth 
Ihcm.  But,  in  fact,  an  author's  own  xssertions  are  simply  reiterated 
fitvour  of  his  doctcines  by  a  believing  follower,  and  no  real  conTir 
of  the  accuracy  of  his  views  is  advanced.  In  this  manner  error 
been  intensified  and  propagated  to  an  extent  almobt  incredible, ; 
will  require  years  of  laborious  investigation  to  overthrow  staieaa 
which  indeed  never  resulted  from  actual  obseri-ation,  which  were  en 
ncous  from  the  first  and  ought  in  foct  never  to  have  been  rcctitt 
Sometimes  a  mere  guess  remarkable  for  ingenuity  and  novclt 
having  no  foundation  in  fact,  is  seized  upon  by  a  number  of 
and  "supported  "  by  so  many  assertions,  misnamed  observations,] 
is  sutm  received  as  true,  and  is  jjcrhaps  belie^'ed  in  for  years,  untilj 
some  one  reinvestigates  the  whole  question,  and  demur 
absurdity  of  tlie  received  doctrine. 

Of  the  Imporiance  of  making  SkeUha. — The  great  importance  < 
Ing  has  btxn  aheady  referred  to.     Even  sketches  m  ouUioe  are 
\-alue  if  the  sixe  of  the  object   has  been  correctly  regislt 
plans  are  of  great  use  in  many  cases  and  supersede  the 
description.    This  subject  has,  however,  been  fiilly  conMdered 
An-p.  31  to  p.  41. 

S^H.   nr  Drawing  InfrrenMa  (rom  olMerrkllittift. — No  onc  1 
in  the  pursuit  of  any  branch  of  natural  science  is  more 
indulge  in  hasty  generalisation  than  the  micrDs<:opi('al  observer^ 
his  duty,  therefun:,  to  avoid  drawing  itiferences  until  he  has 
a  sufficient  number  of  iacts  to  support  the  conclu&ions  at  which 
arrived.     True  gcnvraJisations  and  correct  inferences  imjtnotc 
advancement  of  scientific  knowledge,  for  each  new  inference 
the  start  ing-point  of  a  fresh  line  of  investigation  ;  but,  on  the  oihcfl 
every  false  statement  accepted  as  an  obserred  fact,  assists  to 
barrier  to  onward  progress.     Before  the  slightest  useful  advance! 
made  it  will  be  necessary  to  go  back,  it  may  be  for  a  long  vay^ 
we  can  hope  to  a-commence  with  any  prosjiect  of  success  the 
ooutse.     Moreover,  a  much  greater  amount  of  evidence  is  alwa^ 
quired  to  overthrow  a  fal&e  conclusion  than  is  sufficient  to  projagale 
original  misLd;e;  and  there  uin  be  no  ta^k  muic  unsatisfactory  thaa  I 
of  being  called  upon  to  controvert  the  opinions  and  deductioiut 
however  desirable  and  necessary  such  work  may  be. 

In  any  sjiecial  enquiry'  I  think  it  is  a  good  plan  /toi  to  make  toOj 
or  very  full  notes  during  the  progress  of  the  investigation,  but  to 
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i«iiioty,  as  Gir  as  may  be,  the  lads  observed.     When  the  whole 

-  U  made  out,  but  not  before,  the  observer  may  begin  to  yniic  and 

lii«  ohsen-ationB.    Otherwise,  imperfectly  obscr\'ed  facts  are  liable 

I  down  as  actitol  fads  a"d  after*-ards  commented  upon  as  if  they 

-%«cll-asccruincd  truths,  and  there  is  danger  of  the  observer  being 

L^aBy  led  more  and  more  astray,  until  at  length  he  commits  himself 

-<jnrlusion  totally  at  variance  wn'ih  the  real  truth. 

icnlific  cn<iuir>-  should  continunlly  advance,  %nd  we  ought  to  be 
CO  extend  researches  Irom  the  point  where  they  have  been  left  by 
ors,  each  succeeding  obser^tr  adding  to  what  his  prede- 
iscovercd  In  not  a  few  instances  must  we  feel  the  highest 
for  the  careful  oliservatiuns  of  the  older  observers,  and  I  fear  it 
,t  be  reluctantly  confessed,  that  many  modern  a-searchcs  are  not 
'cccncd  out  with  the  same  patience,  jwinstaking  industry,  and  conscientious 
t3K  ^  Ihcins  have  been,  and  for  this  reason  arc  likely  to  be  but  short- 
litcd.  \Liny  recent  observations  strongly  insisted  upon  and  ad^'ocated 
wflh  great  %-chcmcncc,  puri>orting  to  depend  upon  .ictu.il  demonstration, 
hire  been  set  aside  for  others  still  more  recent,  and,  if  [possible,  more 
inMTTect.  False  observation  has,  as  would  be  supposed,  created  in  some 
Dundi  complete  scepticism  of  all  observation,  and  has  deplorably  retarded 
ircK  jKOgress.  tt  is  quite  curious  to  notice  how  some  writers  condemn 
tlwoiy  and  commend  what  they  term  the  obser^*ation  of  facts,  as  if  it 
bdbccn  incontcstably  shown  that  results  arrived  at  from  cogitation  and 
•n  must  be  invariably  false,  and  those  from  "observation"  as 

;i...  ly  true.     But  any  one  who  h.13  had  experience  in  microscopical 

«ni|[tiry  knows  how  dillieutt  it  is  to  prove  that  what  he  discerns  is  realty  the 
thing  as  it  actually  is  in  nature,  and  not  a  mere  fanciful  imerpretation  of 
ha  mm,  It  is  easy  to  .issert  a  p.irticu!ar  thing  has  been  observed,  but  in 
ounycuics  there  t<;  the  greatest  difference  between  the  thing  and  what 
"iiosed  has  been  seen.  Many  indeed  have  been  the  errors  intro- 
;■  Inoculative  thinkers,  but  ( doubt  whether  more  are  not  in  these 
&yi  advanced  by  self-styled  practical  observers,  than  by  those  whom  the 
hacf  aic  c^-er  ready  to  condemn  as  mere  theoretical  dreamers.  A  man 
Wft  he  has  seen  such  and  such  a  thing,  and  giv-es  drawings  of  the  thing 
leet,  lie  explains  to  friends  what  he  has  seen,  shows  them  the  object  in 
fMSlioii,  tells  them  what  they  arc  to  see,  and  they,  knowing  nothing 
Abou  »ceing,  but  not  liking  to  offend  their  friend,  or  being  too  lazy  to 
leoblc  themselves  about  ihe  matter,  say  ihey  see  the  thing  as  they 
b»w  been  told  it  is  to  be  seen.  Such  is  the  etridence  which  when 
<tulf  chronicled  and  printed  seems  to  amount  almost  to  actual  prooC 
Biu  how  many,  many  times  has  this  process  been  repeated  in  tlie  case  of 
■linost  erety  doubtful  anatomical  point  1  The  conclusion  is  almost  forced 
it|«n  the  mind  that  the  process  of  observing  facts  leads  to  results  at  least 
u  ui}uii»fa(.tor)r  and  as  fallacious  as  the  process  of  imagining  and  s(>(.*cti.- 
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Sating  without  observing  at  all.  At  ihis  dme  what  a  mass  of  thoroagfily 
conflicting  evidence  uxlsls  on  many  important  matten,  supposed  to  rest 
ujjon  scicntirit  obt-ervalion  and  experiinunl !  Three  or  four  views  ire 
taught  concerning  first  principles  of  anatotnical  and  physiological  science, 
each  one  being  incompatible  with  the  rest,  but  nevertheless  supported  by 
an  immense  amount  of  what  purjxjits  to  be  evidence  hosed  u|>on  ohwr- 
vation.  In  such  a  case  as  this  it  is  ohvious  that  many  of  the  statetneDls 
must  lie  Cilsc,  and  many  of  the  supposed  facts  advanced  must  be  errors; 
and  yet  with  what  pertinacity  arc  such  erroneous  fects  maintained,  and 
how  widely  arc  they  spread,  as  if  indeed  ihcy  were  the  most  untjuestion- 
ahlc  truth  I  What  an  aniount  of  work  must  be  done,  and  what  a.  kngih 
of  time  must  elapse  before  false  facts  can  be  demonstrated  to  beiully 
false  and  true  facts  proved  to  be  rcaUy  true  ! 

Yeare  must  be  [wssed  in  patient  investigation  before  a  man  ocghlio 
trust  himself  as  an  observer  of  facts,  and  it  is  only  by  careful  and  imrf- 
mitting  exercise  that  any  one  can  gradually  acfjuire  habits  of  atleiltift 
obsen'ation,  and  the  power  of  thoughtful  discrimination  whii-h  ilooe 
renders  his  conclusions  reliable.  Indeed,  though  he  labour  hard  uii 
earnestly,  he  will  scarcely  have  pro[ierIy  educated  himself  ere  his  po«w 
begin  to  decay  and  he  becomes  liable  to  err  from  the  natural  dctenf- 
tion  in  structure  of  the  organs  upon  which  the  observation  of  the  ^tf 
he  observes  entirely  deiwnds. 

179.  Of  n«rordinB  tlie  HouIIb  mt  MlcrwN«wi>lral  ub«cr«Jtt1M*>' 
Taking  notes  of  microscopical  obserk-ations  is  a  subject  of  great  tiii|W'- 
ance.  The  observer  must  endeavour  to  ar«piire  the  habit  of  dtfsciil*8 
in  words  the  apjjcaiancc  of  objc<is  under  the  miciost:opc.  This  tpi*" 
bably  do:  so  easj-  as  would  at  first  be  supposed,  although  undoubi«8! 
many  persons  are  able  to  describe  what  they  see  much  more  cortrtl^i 
and  with  gruater  facility,  than  others.  Accuracy  in  describing  tM^ 
scopical  specimens  can  orily  be  acquired  by  practice,  and  I  ihinkii' 
most  excellent  rule  for  a  student,  when  he  begins  to  obser^-e,  to  uh 
notes  of  the  apjiearances  of  every  object  submitted  to  examination.  Tl* 
time  is  well  spent,  and  mnrh  of  what  is  so  described  Is  retained  intl* 
memory.  The  notes  should  be  shon,  and  should  consist  of  a  nfflfK 
sutcmcnt  of  points  which  have  been  actually  seen.  Itifemua  sho* 
be  carc-fuIly  avoided,  and  nothing  should  be  stated  without  "^ 
observer  being  thoroughly  satisfied  of  its  accuracy.  If  he  is  not  (fD* 
certain  of  any  observation,  he  should  express  his  doubts,  or  ph** 
note  of  Interrogntion  after  the  statement.  The  use  of  indefinite  trfl>* 
should  be  avoided  as  much  as  possible,  and  wherwver  any  paitial" 
word  is  used,  a  definite  meaning  should  be  attached  to  it.  Much  tcni* 
sion  has  arisen  from  the  use  of  terms  which  have  not  been  well  dcfiarf 
For  instance,  (he  word  "^•ra»H/**"  has  been  applied  by  many  autho«"* 
H  minute  particle  which  appears  as  a  small  specie,  even  when  uainni'" 
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highest  powcra,  u  well  af.  to  a  small  body  with  a  perfectly  clear 
,  and  with  a  well-defined  shzrp  outline,  which  would  Ik*  loore  cor- 
tenned  a  small  '^gMuJc"  So,  again,  the  term  "  mclaruit "  ha.s  been 
.^— ^jed  in  some  cases  synonjTnously  with  ** graHulf,"  though  it  would 
-^ifiously  *Tong  to  speak  of  a  small  globule  as  a  molecule.  It  seems 
s  wiy  desirable  to  restrict  ilic  terms  "granule"  and  "molecule"  to 
o.^^  particles  of  matter  which  exhibit  no  distimt^rm  when  examined 
th'^  highest  iwwcrsat  our  disjKsal,  and  the  term  "globule "10  circular 
ova»l  bodies  of  iW  sizes  which  have  a  dear  entire  with  a  wfll-iUfinnf 
irJt  traiUne.  CXJicr  examples  of  the  use  of  insufliciently  defined  terms 
^^t  be  pointed  out  If  an  obser\'er  makes  use  of  a  term  m*hich  is 
^^prnlty  employed  without  any  definite  meaning  being  attached  to  it.  he 
ijtauld  ducribe  at  length  the  meaning  which  he  assigns  to  it,  and  should, 
of  coutw,  use  it  only  in  this  one  sen^c. 

Exaetness  0/  Detcripthn  should  always  be  aimed  at,  and  we  must 
iduembeT  that  with  a  little  trouble  this  exactness  may  often  he  obtoinL-d 
■illi  the  use  of  n  small  number  of  words.  That  .ip[>earanre  of  preci- 
son  which  is  often  affected  by  those  who  give  long  iisele.u  descriptions 
sf  irhai  tbcy  have  observed  caunot  be  too  much  condemned.  So,  also, 
Ifef  [irKtice  of  some  of  minutely  describing  tlie  characters  of  every 
clfjfct  in  the  field  of  the  microsco)>c  without  the  slightest  knowledge  of 
&e  nature  of  mny  one  of  the  objects  presented  to  tlie  view,  has  been 
Ibc  erase  of  mudi  ridicule,  and  has  brought  microscopic  observation 
inio  great  diutrpute.  The  publication  of  a  very  detailed  description  of 
1  umber  of  not  very  dctiniie  objects,  the  nature  of  which  is  unde- 
iBtniied,  though  sometimes  regarded  as  evidence  of  careful  and 
dabofsic  cniiutry,  is  a  most  useless  procedure.  Some  have  thought 
to  ^  the  credit  of  being  accurate  obscrwrs  by  carefully  measuring 
nay  object  they  see  in  two  diameteni,  and  putting  down  in  fruc- 
tiom  or  decimals  the  results  of  this  useless  ceremony.  Such  rcpons 
^'  '  [<.-gaTded  as  indications  that  the  author  has  been  thinking  more 
:lf,  and  the  importance  of  maldng  an  impression  upon  his 
ttadm.  than  of  his  subject.  He  wants  to  be  cn;ditcd  with  a  character 
fef  airrme  minuteness  of  observation,  and  instead  of  striving  to  advance 
Ac  real  interesLi  of  the  science  which  he  professes  to  serve,  and  endea- 
TOaoig  to  excite  in  the  mind  of  the  reader  a  desire  for  more  extended 
bmrtcdge;,  and  a  longing  to  lake  part  tn  n  similar  investigation,  he  is 
pcrprtoany  endeavouring  lo  thrust  htmseir  into  notice.  He  who  feels  a 
ralbve  for  his  subject  will  try  all  he  can  to  enlist  others  in  the  same 
wTTice ;  he  will  endear  our  to  remove  all  difficulties  of  investigation,  and 
iHoplain  what  he  himself  has  Icamt  in  language  which  shall  be  intel- 
to  all  Extreme  minuteness  in  description  is  by  no  means  an 
n  of  accuracy  of  ob&er\'ation.  I'retcncc  of  extreme  accuracy 
BH  nettmbcred  «cier»cc  with  many  unnecessary  words,  and  eaiTH:%\.  Taetv 
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have  been  deterred  from  its  prosecution.  A  certain  mysterions  air  per- 
vading the  description  of  an  observation,  an  evident  desire  to  coin  new 
words  and  indulge  In  statements  couched  in  exaggerated  language  about 
the  importance  of  the  facts  observed,  are  quite  misplaced  where  all 
should  be  clear,  simple,  and  intelligible  to  every  one,  and  too  often  indi- 
cate indifference  to  the  subject  on  the  part  of  the  author,  and  a  want  of 
proper  consideration  towards  unlearned  readers.  That  affectation  of 
precision,  and  verbose  pompous  style  of  description,  which  have  been 
fashionable  among  some  microscopists,  and  which  pervade  the  writings 
of  several  authorities  in  this  nnperfectly  developed  branch  of  investiga- 
tion, have  offended  earnest  persons  who  have  devoted  their  lives  to  the 
prosecution  of  different  branches  of  natural  science,  and  have  also  greatly 
retarded  the  real  progress  of  scientific  enquiry.  All  this  is  but  pretence, 
and  not  real,  earnest,  useful  work.  It  is  distasteful  to  every  scientific 
man  and  discouraging  to  every  student. 

Fallacies  to  be  guarded  against  in  Microscopical  Investigatum. 

Many  mistakes  have  arisen  In  consequence  of  sufficient  caie  not 
having  been  taken  to  prevent  the  introduction  of  various  substances  t^ 
accident.  The  most  scrupulous  care  must  always  be  observed  in  micro- 
scopical examination,  and  any  foreign  particles  which  may  have  acci- 
dentally come  into  contact  with  the  preparation  must  be  removed  befote 
it  is  mounted.  The  proceeding  to  be  followed  to  remove  the  foreipi 
matter,  will  depend  much  upon  its  nature.  Mere  dusting  with  a  czsaA 
hair  brush,  washing  with  a  stream  of  water,  or  picking  out  the  object 
with  needles,  are  simple  plans  which  are  often  efficient  in  a  gener^X 
way,  but  in  some  cases  other  processes  are  required. 

IS*.  Errora  of  ObaerTBtion. — It  is  of  the  highest  importance  th^^ 
the  student  should  do  his  utmost  to  avoid  making  and  recordin&v 
erroneous  observations.  Not  only  is  the  student  liable  to  draw  &l^ft« 
conclusions  from  observations,  but  the  observations  themselves  are  fk-«c^ 
quently  erroneous.  I  propose  therefore,  to  direct  the  student's  attention 
to  a  few  instances  in  which  difficulty  and  doubt  may  be  experienced ev^n 
by  skilled  and  practised  observers  :■ — 

Of  the  Commencement  and  Termination  of  Tubes. — The  modes  of 
commencement  or  termination  of  certain  vessels  or  tubes  have  Iok'K 
been  sources  of  dispute  among  observers.  There  are  not  a  few  instance* 
where  positive  statements  have  been  made  that  certain  tubes  commenc^r<l 
by  ca:cal  or  blind  extremities ;  while  contradictions  equally  poati"^'^ 
have  been  advanced  by  others,  who  have  affirmed  that  the  verj-  sarx»< 
tubes  commenced  as  a  network,  and  presented  no  blind  extremiti^ 
whatever.  It  would  be  generally  supposed  that  such  a  fioint  might  "t* 
determined  beyond  all  doubt  if  the  tubes   were   injected  with  sok*» 
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coloured  material    But  the  supfwsJtion  is  not  correct.     Injection  will 
frequently  run  up  to  a  particular  point  in  the  minute  vessels,  while  no 
force    which   can  be  employed  will  drive  it  further  onwards.     Here, 
therefore,  it  accumulates,  and  often  to  a  very  considerable  extent ;  the 
portion  of  the  tube  above  the  constriction  being  considerably  dilated  by 
the  pressure.     Under  these  circumstances,  awing  to  the  extreme  trans- 
parency and  delicate  nature  of  the  tissue  of  which  its  walls  are  composed, 
it  may  be  impossible  to  trace  the  further  continuity  of  the  vessel.     In- 
deed, the  vascular  walls  will  probably  be  quite  invisible  in  an  unprepared 
specimen.     The  observer  is  thus  led  into  the  error  of  supposing  that 
such  tubes  terminate  in  blind  extremities,  whereas  they  may  really  form  a 
network  with  large  meshes,  or   they  may  be  continuous  with  tubular 
structures  of  a  different  character.     In.  fact  that  which  was  taken  for 
the  termination  or  commencement  of  the  tube  may  really  be  nothing 
more  than  a  bulging  in  a  central  part  of  its  course.     In  many  thin  sec- 
tions of  the  kidney  an  appearance  as  if  the  tubes  terminated  in  free  blind 
extremities  is  produced  in  consequence  of  the  convolutions  lying  in  such 
a  position  that  the  recurved  portion  is  immediately  beneath  the  most 
superficial  part  of  the  tube.     From  a  mere  examination  of  the  specimen 
it  would  be  impossible  for  any  one  to  say  that  this  was  not  the  case.     In 
such  instances  the  real  disposition  of  the  parts  is  only  to  be  made  out 
by  a  careful  examination  of  the  structure  under  different  kinds  of  illu- 
mination and  prepared  in  various  ways.     Thus  the  idea  that  the  tubes 
end  by  blind  extremities  may  be  shown  to  be  quite  inconsistent  with 
the  appearances  observed  in  specimerw  prepared  according  to  a  different 
method.    Were  I  able  to  devote  space  to  the  consideration  of  this 
part  of  my  subject,  I  might  review  the  various  methods  in  which  a  tissue 
may  be  examined,  and  show  how  by  a  consideration  and  comparison  of 
ihe  different   facts  observed,   one  is   enabled  at    length   to  embody 
the  results  arrived  at  in  the  course  of  several  different  enquiries,  and 
thus  gain  an  accurate  conception  concerning  the  real  structure  of  the 
part. 

Oh  the  Difficulty  of  Seeing  Structures  from  their  Transparency. — 

Another  fallacy  arises  from  the  great  transparency  of  certain  structures. 

Oftentimes  a  membrane    may  appear  perfectly  clear  and  transparent, 

while  in  reality  it  is  covered  with  a  delicate  layer  of  epithelium,  which 

only  becomes  visible  when  the  tissue  is  immersed  in  some  special  fluid  or 

treated  with  some  particular  chemical  reagent.      On  the  other  hand, 

tfcere  are  instances  in  which  an  appearance  resembling  that  produced 

^y  the  presence  of  a  cellular  investment  is  perceived  where  no  cells 

'Aaiever  exist     A  peculiar  corrugated  state  of  uninjected  capillaries, 

^  the  bioplasts  in  the  walls  of  the  capillary  vessels  themselves,  some- 

^es  give  rise  to  these  mistakes.    Basement  membrane,  from  its  extreme 

"^'toa.cgr  and  transparency,  is  often  only  recognised  by  the  foVds  m\.<i 
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which  it  is  thrown,-  or  by  the  debris  and  granular  matter  which  b  x<. 
dentally  deposited  upon  it  Sameiimes  U  becomes  visible  when  ii 
mcreed  in  a  slightly  coloured  solution,  instead  of  in  perfectly  pui 
water.  Not  only  may  blood  and  lymphatic  vessel*  be  coraplMd 
passed  over  from  their  tranuparency,  but  I  could  adduce  instar»iw  i 
whicb  broad  hands  of  connective  tissue  and  bundles  of  ncrre  fibn 
existed  in  a  specimen  in  great  numbers,  although  they  could  not  be  sec 
when  the  ordinary  methods  of  demonstration  were  employed. 

Ifdr^s  and  Mtmbrana  Produud  by  the  Action  of  ReagttUs  ariifid^^ 
— On  the  other  hand,  by  the  acticm  of  reagents  a  librotts  appearance  i 
sometimes  produced  which,  without  care,  may  be  omtoken  for  MM 
struccure.  ^ 

The  addition  of  acetic  acid  to  many  preparations  frequently  pre 
duces  a  swelling  of  the  tissue,  with  the  elevation  of  a  clear  roembrai* 
like  structure,  which  might  be  termed  basement  membrane,  but  whid 
has  really  been  prodticcd  by  the  action  of  the  add.  Thus  the  oue 
uncalcified  portion  of  the  cells  of  the  enamel  of  a  young  tooth,  mayb" 
made  to  swell  up  into  a  transparent  mass,  which  has  been  nustalm  . 
think,  by  Professor  Huxley  for  a  mcmhrana  pcrfarmativa»  which  doe 
not  exbt  in  this  situation. 

A  Fibrous  Appearance  Ptoduted  in  Stnuturtias  Membranes,- 
tran!$]jart:nt,  and  ap[jarcnt1y  structureless  membranes,  when  (rres3cd,i 
and  twisted,  have  a  fibrous  appe-irance ;  and  delicate  vessels,  who** 
coats  are  perfectly  transparent  when  pressed  and  collapsed,  may  be  ffi3 
easily  mistaken  for  a  form  of  fibrous  tissue.  Both  rapillaries  and  iW 
nerve  fibres  may  be  mistaken  for  fibres  of  clasti*'  tissue.  Indeed,  cap* 
laries  uninjettctl  and  stretched,  can  only  be  distinguished  from  ** 
nen-e  fibres  with  difficulty.  If  any  doubt  exist  in  such  a  case,  it  Ott] 
always  be  cleared  up  by  injecting  the  cajiiUaiies  of  the  part  with  a  d<* 
transparent  material,  like  plain  size,  or  the  transparent  injecting  &tfi^ 
recommended  in  ppi  106  to  1 1 3,  when,  if  the  fibrous  appearance  is  at* 
real  it  will  be  lost;  while  iffibres  really  existed,  they  would  sliH  be  visabl* 
The  presence  of  capillary  vessels  in  a  "ttrorture  has  been  cntirdy  oi* 
looked  in  consequence  of  their  being  ceUaitscd  and  shrunken,  in 
state  they  have  been  regarded  as  dements  of  the  connective  lisuc 

Colledion  of  Oil  Globules  Appearing  as  if  wHfan  a  Cell. — Oil 
in  Buid  not  uncommonly  form  small  and  nearly  spherical  niaaso 
collections,  which  become  covered  with  a  certain  quantit)-  of  mucus 
viscid  matter  and  granules,  originally  contained  in  tiic  tluid,  so  that  tl 
little  intervals  between  the  minute  oil  globules  become  filled  uf*. 
outline  of  the  m.iss  is  perfectly  clear,  and  sharp,  and  well  define 
from  mere  ocular  examination  it  would  be  impossible  to  say  that' 
uil  globules  were  not  enclosed  in  a  cetl-^'sll.  A  consideration 
circumstance  under  which  such  structures  have  been  met  with,  vriU  ] 
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fnat  OS  nwucrially  in  dctennining  their  real  nature.  Such  "  cells  "  may 
1,^  |ire[i2iL'd  ariiliually  without  the  least  difficulty,  and  in  some  cases  h 
iroulii  not  be  |>osMbl(^  to  disungut<ih  by  microscopical  ciramination  in 
fiicT  (he  artificially  fonnt'd  a//  from  the  natural  (e// ;  and  the  process 
jj' staining  thv  bioplasm,  p.  123,  would  only  enable  us  to  form  a  post* 
ine  conclusion  in  ciscs  in  which  it  was  certain  tliat  the  natural  tclb  were 
quite  frcslu  It  need  scarcely  be  said,  however,  that  witli  respect  to  the 
j^Tnatrc»  of  thcM;  bodies  no  analogj-  whatwcr  obtains  in  the  two  cases. 
Of  the  artificial  cell  the  most  external  part  was  /asf  fonnai.  It  was 
deposited  around  a  collection  of  panicles.  Bm  in  the  natural  cell  the 
OQicr  part  is  the  oLiest part.  It  was  produced  bifatv  the  matter  in  the 
central  jian  of  the  cell  was  formed.  No  one  at  this  time  maintains  that 
living  ceils  arc  formed  by  the  aggregation  of  granules,  though  some 
lecra  to  think  that  a  bacterium  may  be  formed  by  the  coalescence  of 
already  existing  particles.  Such  persons  must  admit,  howc*-er,  that  such 
simple  organisms  multiply  by  division,  and  thus  they  seem  to  affirm  that 
Ining  things  may  be  produced  by  the  coalescence  of  separate  lifeless 
(articles,  and  that  they  increase  and  multiply  by  the  division  of  the 
Iting  mass.  It  need,  howevtT,  scarcely  be  staled  iliat  facts  now 
iwn  render  such  a  doctrine  untenable.  Set  a  controversy  upon  this 
subject  in  the  "  British  Medical  Journal,"  January,  Febiuar)*,  March, 

0«  Ifte  Atiidtntal  Praentt  of  £xtrantout  Matters. — Cleanliness  is  of 

Oie    utmo&t  importance  in  evct^  branch  of  microscopical  enquiry,  and 

nthout  great  care  many  substances  of  extraneous  origin  will  be  intro- 

liaccd  into  the  S]iecimen  about  to  be  examined,  and  the  observer  may 

listake  the  character  of  the  objects  accidentally  introduced  for  those  of 

the  special  objects  under  examination.     For  instance,  particles  of  starch 

or  other  solid  bodies  may  gain   entrance  into  a  texture  submitted  to 

■jcnwcoidcal    examination,    and    the   observer    may   draw    the    very 

entmcous  inference  that  these  bodies  were  embedded  in  tiie  substance 

of  the  ti5£ue,  and  that  they  were  deve]op>ed  and  grew  in  this  situation. 

ttlicn  we  consider  how  very  minute  are  many  of  the  structures 
tendcrtd  evident  to  the  eye  by  the  microscope,  we  shall  scarcely  wonder 
that  many  light  substances  are  liable  to  come  in  contact  with  the  speci- 
sen  nhith  Li  under  ejtamination.  The  cotton  or  flax  fibres  from  the 
tJotli.  starch  gl(»bules  which  adhere  to  the  thin  glass  circles  (for  the 
snail  pieces  are  often  kept  in  starch),  portions  of  feathers,  variotts  kinds 
flftuir.  and  oil  globulus  are  among  the  sutisunces  which  are  most  fre- 
qneatly  met  with  in  examining  different  specimens,  and  1  need  hardly 
u;,  that  their  presence  is  purely  accidental.  That  I  am  not  advocating 
"wiiess  precaution,  is  shown  by  the  fact  that  in  a  well-known  and 
'*{*>ly  valuable  publication  printed  a  few  years  ago.  a  drawing  of  what 
*»  evidently  a  portion  of  feathers  was  described  as  a  representation  of 
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lymphatu  twi/ft,— vegetable  hairs  were  described  as  nerre  Jibra,  ad 
several  other  errors  equally  unpardonable  were  to  be  found.  Not, 
such  mistakes  could  only  be  mide  by  a  person  uUerly  ignontnt  oflk 
characters  of  some  of  the  commonest  objects  with  which  every  mictfr 
scopicat  observer  ought  to  be  thoroughly  familiar.  I  would  strongly 
recommend  every  one  to  carefully  study  tlie  characters  of  the  subslaattt 
of  extraneous  origin  enumerated  below  before  he  attempts  to  make  anj 
original  observations.  He  is  sure  lo  meet  with  the  bodies  in  queilkm 
from  time  to  time,  and  the  sooner  he  becomes  well  acquainted  with  that 
characters  the  better. 

The  following  should  be  very  carefully  examined  :— 

Oil  globules,  milk,  pi  XXIII,  p.  So,  figs.  11,  12,  13,  14. 
Potato,  wheat,  and  rice,  stirch ;  and  bread  crumbs,  pi.  XL^^I, 

p.  173,  figs.  I,  2,  3,  4.  and  pi.  LX,    fig.  3. 
Portions  of  feather  ;  worsted,  pi.  LX,  fig.  3. 
Fibres  of  flax;  cotton,  pi.   LX,  fig.  3,  **;  and  silk  of  diRercnt 

colours. 
Human  hair,  cat's  hair,  hair  from  blankets,  fig.  3,  a,  b,  e. 
The  si^ales  of  butterflic-s  and  moths,   jMinicuIatly  those  of  iti* 

common  clothes  moth,  pi  LX,  figs.  1,  3. 
Fibres  of  wood  swept  from    the   floor,  fig.   4,  fragments  of  lea- 

leavcs,  hairs  from  plants,  vegetable  cellular  tissue,  and  »r*ral 

vessels,  pi.  XLVl,  p.  173,  fig.  5. 
Particles  of  sand. 

Many  of  these  extraneous  substances  are  figured  in  the  plates  Ih«ve 
referred  to,  and  1  beg  the  studc-iit  will  not  only  examine  my  thawings 
but  place  actual  specimens  of  all  objects  delineated  under  his  o^ 
microscope. 

In  the  examin-tiion  of  deposits  from  fluid  wc  must  bear  in  mind  th< 
possibility  of  the  introduction  of  a  small  quantity  of  one  dcjiosil  in"* 
another  cjirried  upon  the  extremity  of  the  pijwtte  used  for  examinalio''« 
and  in  this  simple  manner  much  difficulty  and  confusion  may  be  cauK* 
to  the  micTXJscopisL  The  pli>cttc  should  therefore  be  well  wash*" 
immediaiely  after  it  has  been  used,  and  the  water  in  which  it  is  wasM 
should  be  ver>*  frequently  changed.  In  taking  fluids  from  diffcfftf 
bottles  and  other  vessels  the  possibility  of  introducing  various  mUt:inc<* 
mtist  be  borne  in  mind. 
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PART  IV. 

OF  CHEMICAL  ANALYSIS  APPLIED  TO  MICROSCOPICAL  INVESTIGATION — 
OF  OBTAINING  CRYSTALLINE  SUBSTANCES — OF  THE  MICRO-SPECTRO- 
SCOPE AND  OF  MICROSCOPIC  ANALYSIS. 

OF    THE   ADVANTAGES   OF   CHEMICAL   REAGENTS    IN    MICROSCOPICAL 
INVESTIGATION. 

Of  CkeailcBl  AnalytU  In  ailcroflcoplcal  inTCBtlgatlon. — I  have 
already  referred  to  the  influence  which  the  refractive  power  of  the 
medium  in  which  any  structure  is  immersed  exerts  upon  its  appearance 
in  the  microscope.  We  have  now  to  discuss  the  advantages  derived  from 
the  action  of  certain  chemical  reagents  upon  various  specimens.  This 
part  of  the  subject  is  most  important,  and  it  is  perhaps  of  all  the  various 
branches  of  microscopical  research,  that  from  which  the  greatest  advan- 
tages may  be  expected  to  result  It  is  an  investigation  which  will  well 
reward  all  who  earnestly  devote  themselves  to  its  study.  It  is  certain 
that  great  changes  will  take  place  in  our  views  of  the  nature  of  many 
xninute  structures  when  chemical  analysis  shall  be  more  intimately 
associated  with  microscopical  enquiry. 

Although  by  the  microscope  we  can  say  that  such  a  texture  is 
granular,  fibrous,  opaque,  perfectly  clear,  S:c.,  we  learn  in  such  an 
examination  nothing  more  of  its  nature.  Since  these  appearances  are 
manifested  by  several  diflerent  materials,  it  is  necessary  to  resort  to  a 
chemical  examination  to  discover  the  nature  of  the  substance  to  which 
the  microscopical  characters  are  due.  If  the  chemical  composition  of 
any  body  having  well-defined  microscopical  characters  has  been  once 
made  out,  by  resorting  simply  to  microscopical  examination,  we  shall  be 
enabled  to  recognise  it  whenever  we  meet  with  it  afterwards,  without 
nuking  a  chemical  analysis. 

Some  bodies  always  produce  welt-recognised  crystals  when  treated 
with  a  certain  chemical  reagent,  and  we  know  that,  although  there  may 
be  in  nature  other  crystals  of  a  different  composition,  but  of  precisely 
the  same  form,  these  latter  could  not  be  produced  under  the  same 
circumstances  as  the  former;  hence,  in  such  a  case  we  may  feel  as 
Miifident  of  the  nature  of  the  substance  as  if  an  ultimate  analysis  had 
been  made  of  it 

Besides  the  onlinary  uses  to  which  they  are  applied,  chetoicaX  xe- 
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agents  are  useful  in  removing  certain  components  of  a  structure:  wh 
interfere  with  the  dcnionstratiun  of  other  constituents,  in  altering  ' 
character  of  certiiin  tissues  without  dissolving  them,  as  for  instance 
increasing  their  transparency  or  opacity,  or  in  modifying  the  pl^ 
structure  of  textures  in  such  a  manner  as  to  render  it  tnore  conveni 
to  cut  sections  or  to  perform  other  chemical  operations  neoessaiy 
the  demonstration  of  their  structure.  '  )| 

By  nn  acquaintance  with  the  behaviour  of  certain  substances  it 
partic-uL.ir  chemical  reagents,  and  the  apijlication  of  this  knowledge 
microscopical  investigation,  we  arc  often  enabled  to  distinguish  pea 
arilies  of  structure,  to  ascertain  the  chemical  composition  of  tnin 
quantities  of  matter,  and  to  demonstrate  clearly  the  existence  of  cc 
Ijounds  with  the  greatest  certainty,  which  would  entirely  escape  i 
ohscrvation  if  wc  subjected  them  separately  to  the  most  careful  chemi 
analysis,  or  to  the  most  searching  microscopical  scrutiny. 

The  application  of  chemical  analysis  to  microscopical  investigati 
and  the  examination  of  cr>'s.taUine  forms  in  the  microscope,  have  ihio 
a  new  tight  u[)on  the  nature  of  many  phyiiiological  changes  which 
constantly  taking  place  in  living  bodies  in  health,  and  have  enabled 
to  inve<itigatc  more  satisfactorily  the  modifications  which  these  proces 
undergo  whcD  intluence<I  by  circumstances  interfering  with  or  couni 
acting  healthy  actions, 

SSI.  luRMnccs  or  tiie  v»t  or  ncac^ntN. — As  an  instance  of  the  gr 
adrantage  of  the  application  of  a  fcm*  simple  tests  to  niicroscopi 
investigation,  I  may  refer  to  the  (lilTerent  effects  of  ether  ufioo 
globules  (which  are  so  commonly  found  in  different  tissues)  and  a>il 
line  bodies  com|X)sed  of  phosphate  or  carbonate  of  lime,  which  no 
times  so  nearly  resemble  fat  globules  in  refractive  properties,  in  fat 
and  in  general  ap|>earj.nce,  tlut  mistakes  have  been  often  mode  concc 
ing  their  composition.  The  application  of  a  drop  of  ether  has  no  c0 
whatever  upon  the  salt,  but  dissolves  the  fat  Phosphate  of  liiae 
readily  soluble  in  dilute  acids,  while  fat  is  not  acted  u])on  by  ih) 
reagents.  Various  insoluble  saline  materials  not  unfrcqucnlly  prcfl 
us  from  seeing  the  anatomical  elements  of  which  a  tissue  is  compos 
A  knowledge  of  the  nature  of  these  often  eiubles  us  to  remove  ikt 
ip|iose,  for  instance,  the  saline  matter  con^sts  of  cariwnales  or  pk 

ites  of  lime  or  magnesia,  we  have  only  to  add  a  drop  of  dilute  acxl 
lissolve  them  completely  and  make  the  tissue  suflieiently  transiarenl 
'enable  us  to  examine  its  structure. 

The  action  of  acids  and  alkalies  is  often  very  valuable  in  render 
ractnius  transparent,  which  arc  too  opaf|ue  for  examination  ia 
linary  state.    If  a  ponion  of  tendon,  comjiosed  of  white  hhrous  tia 

XXXII,  p.  13S,  fig.  3,  wliich  is  very  ojiaque  in  its  ordinary  state, 

icned  in  acetic  acid,  or  in  a  dilute  solution  of  potash  or  soda,  h  » 
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(jecomes  clear  and  transparent.  If  the  operation  be  conducted  with 
certain  precautions,  many  of  its  original  characters  may  be  brought  back 
by  subsequently  neutralising  the  acetic  acid  with  an  alkali. 

The  cell-wall,  or  rather  the  outer  part  of  the  cell,  which  is  in  many 
cases  too  opaque  to  enable  us  to  see  the  bioplast  or  nucleus  in  the 
interior,  may  be  made  by  reagents  so  very  transparent  that  the  bioplast 
becomes  very  distinct  and  well  defined.  This  change  may  be  easily 
effected  by  either  of  the  reagents  alluded  to  in  the  last  paragraph. 
Albuminous  textures  generally  may  often  be  rendered  very  transparent 
by  the  action  of  acetic  acid,  or  by  the  addition  of  a  drop  of  dilute 
caustic  potash  or  soda. 

Preliminary  Operations. 

In  the  first  place  we  should  note  carefully  the  general  characters 
which  the  substance  exhibits ;  its  form,  colour,  size,  weight,  hardness, 
&c  ;  and  fluidity,  transparency,  tenacity,  &c.,  in  the  case  of  liquids. 
Portions  of  solid  textures  and  the  deposit  from  fluids  must  be  subjected 
Co  microscopical  examination,  but  their  reaction  should  be  always 
ascertained  in  the  first  instance. 

s«i.  BeactimL — The  reaction  of  any  moist  substance  is  found  out 
by  testing  it  with  a  piece  of  blue,  and  reddened,  litmus  paper.  If  the 
natter  be  dry,  or  the  reaction  of  a  vapour  is  to  be  tested,  the  paper 
most  be  first  moistened  with  a  drop  of  distilled  water.  The  blue  litmus 
fap^r  is  reddened  by  acids,  and  the  red  paper  is  turned  blue  by  alkalies. 
The  reddened  litmus  paper  is  prepared  by  adding  a  very  small  quantity 
of  acetic  acid  to  the  infusion  of  litmus  into  which  it  is  to  be  dipped. 

If  an  acid  reaction  is  due  to  the  presence  of  carbonic  acid,  the  blue 
colour  will  be  restored  upon  gently  wanning  the  paper  upon  a  glass  slide 
orer  a  lamp,  or  upon  a  warm  plate. 

An  alkaline  reaction  may  depend  upon  the  presence  of  volatile  or 
^ed  alkali.  The  red  colour  is  restored  upon  warming  the  paper  which 
has  been  rendered  blue  by  the  presence  of  volatile  alkali  (ammonia  or 
carbonate  of  ammonia),  while  it  is  not  restored  if  the  change  is  produced 
by  the  presence  of  a  fixed  alkali  (potash,  soda,  or  their  carbonates,  or  an 
alkaline  phosphate,  &c). 

TTie  reaction  of  some  objects  under  the  microscope  may  be  ascer- 
tained by  adding  a  little  solution  of  litmus  or  of  litmus  slightly  reddened 
by  the  addition  of  a  trace  of  acetic  acid,  according  as  the  reaction  is 
supposed  to  be  acid  or  alkaline. 

MS.  Oh  ituciias* — ^The  process  of  filtration  is  one  which  the 
i^croscopist  as  well  as  the  chemist  frequently  has  to  perform.  To  filter 
*  deposit  from  a  solution,  in  quantity,  is  easily  effected  by  the  use  of 
***«Jinaiy  filtering  paper,  folded,  pi.  XXVI,  p.  100,  fig.  9,  and  placed  uv 
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a  small  glass  funnel,  fig.  i  in  the  same  plate.  But  sometimes  we  find, 
it  necessary,  in  microscopical  analysis,  to  filter  the  deposit  from  a  singly 
drop  of  fluid.  This  may  be  effected  by  cutting  a  very  narrow  strip  t*^ 
filtering  paper,  and  bending  it  into  a  V-form,  upon  one  of  the  gUa^ 
shdes.  The  drop  is  made  to  pass  between  the  limbs  of  the  V,  and  upo« 
inclining  the  slide,  clear  fluid  will  gradually  pass  through  the  apex  of  t)k  ^e 
V,  and  can  be  conducted  away  to  another  part  of  the  slide,  by  a  ver^y 
fine  glass  rod,  where  other  tests  may  be  applied. 

S84.  Ev^forKtlon  and  Dirins. — The  evaporation  of  fluids,  and  tim.  ^ 
desiccation  of  organic  solids,  must  always  be  conducted  over  a  wate^r-- 
bath,  otherwise  there  is  great  danger  of  decomposition  occurring.  Fc»t 
operations  upon  small  quantities,  the  water-bath  represented  in  pl- 
XVIII,  p.  48,  figs.  6)  7,  will  suffice,  or  the  cans  of  the  injecting  app3»-- 
ratus,  pi.  XXVII,  p.  104,  fig.  6,  may  be  removed,  and  basins  place^id 
over  the  holes. 

In  endeavouring  to  obtain  crystals  of  organic  substances,  it  is  alwa>?-s 
advantageous  to  evaporate  the  solution  over  the  surface  of  sulphuric: 
acid  under  a  bell-jar,  pi.  XXIV,  fig.  5,  or,  what  is  better  still,  in  vanu — », 
in  an  air-pump,  pi.  XXIV,  p.  88,  fig.  3,  pi.  XXV,  p.  92,  fig.  5.  In  soam.  < 
instances,  the  evaporation  may  be  conducted  by  simply  exposing  tl^i. « 
liquid,  placed  in  a  basin  or  watch-glass,  and  covered  lightly  with  pape-  -:x, 
to  the  air;  or,  where  very  slow  evaporation  is  necessary,  the  watcfc—i- 
glass  may  be  covered  over  with  a  bell-glass. 

XSB.  inelnermtlon. — By  incinerating  a  small  portion  of  any  orgarL  ^c 
substance,  upon  a  piece  of  platinum  foil,  or  in  a  platinum  or  porcek  Skn 
crucible,  we  are  enabled  to  ascertain  whether  it  contains  inorganic  salfci  s, 
or  consists  entirely  of  organic  matter,  in  which  case  the  substance  lea\-^es 
only  a  black  residue,  which  bums  off  entirely  after  a  short  time.     ^Mln 
order  to  obtain  the  inorganic  constituents  perfectly  free  from  carbon,       it 
is  sometimes  necessary  to  keep  the  mass  at  a  dull  red  heat  for  an  hc»  ■■jr 
or  more.     The  addition  of  a  drop  of  nitric  acid  causes  the  rapid  oxi(3.ii- 
tion  of  the  carbon.     If,  however,  the  temperature  be  too  high,  t'^ie 
process  may  be  much  retarded,  in  consequence  of  the  fusion  of  some     of 
the  salts,  as  the  phosphates  and  chlorides,  and  the  inclusion  of  sin.23-11 
masses  of  carbon,  which  are  thus  protected  from  the  oxidising  action      of 
the  atmosphere.     The  platinum  basin  or  foil  may  be  supported  over  t-*^^ 
lamp  upon  coarse  wire  gauze  or  upon  a  piece  of  wire,  bent  in  the  fo»~m 
of  a  triangle,  or  upon  one  of  the  small  rings  attached  to  the  spirit-laiir:»pi 
pi.  XVIIl,  p.  48,  fig.  4,   It  may  be  removed  from  the  lamp  with  the  E».i<3 
of  an  old  pair  of  forceps. 

sss.  Apparatus. — The  chemical  apparatus  necessary  for  the  mic:*"*^ 
scopical  observer  is  very  simple,  and  the  greater  number  of  instrume*:''*-- 
have  already  been  referred  to.  The  following  are  among  the  most  i*" 
portant  pieces  of  apparatus : — 
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A  few  conical  glasses  of  different  sizes.  Apparatus  for  taking  specific 
mavities.  Test-tubes  of  various  sizes,  arranged  on  a  stand,  pi.  I,XI, 
n  262,  fig.  5.  Spirit-lamps,  with  various  supports,  pi.  XVIII,  p.  48, 
fig.  3j  or,  where  gas  is  laid  on,  the  gas-lamp,  pi.  XIV,  p.  24,  fig.  4. 
Glass  funnels  and  filtering  paper,  pL  XXVI,  figs,  i,  9,  small  porcelain 
basins,  watch-glasses ;  a  simple  water-bath,  pi.  XVIII,  figs.  6,  7,  or  the 
inje<;ting  can,  pL  XXVII,  p.  104,  fig.  6,  may  be  used,  if  several  evapo- 
rations are  to  be  conducted  at  once.  A  small  platinum  capsule,  a  strip 
of  platinum  foil,  a  blow-pipe,  pipettes,  pi.  XXVI,  p,  100,  figs.  2,  3,  and 
glass  stirring  rods,  with  a  box  of  reagents  in  small  bottles,  pi.  LXI, 
p.  2^2,  figs.  2,  7,  and  test  papers,  complete  the  apparatus.  All  these 
may  be  obtained,  packed  in  a  box  of  convenient  size,  fig.  7. 

SM-  Mlervseope  for  Exmmlnlns  SnliBt*ncei  Immened  In  Acldi  and 
OB'TMive  Fluids. — If  preparations  which  require  to  be  immersed  in 
strong  acid,  be  examined  in  the  ordinary  microscope,  the  fumes  may 
injuxe  the  brass  work  of  the  instrument  Considerable  inconvenience 
is  also  experienced  in  examining  fluids  while  hot,  in  consequence  of  the 
vapour  rising  and  condensing  upon  the  object-glass,  and  thus  rendering 
the  object  invisible.  The  ingenious  microscope  invented  some  years 
ago  by  Dr.  Lawrence  Smith,  obviates  these  objections.  This  inverted 
microscope  has  been  described  in  p.  219,  and  is  represented  in  pL  LIX, 
H   220,  fig.  I. 

REAGENTS  AND  THEIR  ACTION. 

The  reagents  necessary  for  the  microscopist  are  not  very  numerous. 
T>»cy  should  be  perfectly  pure.  Of 'the  greater  number  only  very  little 
is  required, — as  much  as  may  be  kept  in  drachm  or  two  drachm  bottles ; 
but  of  alcohol,  ether,  and  one  or  two  more,  it  is  necessary  to  have  a 
haJIf-pint  or  more.  The  stock  reagents  should  be  kept  in  stoppered 
bottles  of  about  the  capacity  of  two  ounces. 

XSS.  Bistmed  Water  should  alone  be  employed  for  dissolving  sub- 
stajices  to  be  tested,  and  for  diluting  fluids  required  by  the  micro- 
scojMcal  observer. 

n*.  AleakaL — Alcohol  of  different  strengths  will  be  required  for 
the  purpose  of  dissolving  certain  substances,  and  for  separating  them 
from  other  constituents,  which  are  insoluble  in  this  reagent.  If  a  weak 
alcohol  is  required,  the  strong  spirit  should  always  be  diluted  with  dis- 
tilled water,  and  it  is  better  to  prepare  a  considerable  quantity  at  a  time. 
It  is  convenient  to  have  two  or  three  bottles  which  will  hold  about  two 
quarts  each.  The  strength  of  each  should  be  written  upon  a  label 
attached  to  the  bottle.  The  importance  of  alcohol  as  a  preservative 
^lution  has  been  referred  to  in  p.  64. 

S^Oi  Bther,  Chloroform. — An  ounce  or  two  of  ether  will  be  quite 
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suffiricni  for  microscopical  pur|ioRcs.     It  should  be  kept  in  a  stopperetf 
bottle,  jirovtded  with  a  glass  cap,  to  pre\"eni  loss  by  evaporation.    A 
little  sihould  also  bu  kept  in  one  of  the  smitll  glass  bottles  with  capiBaijr 
orifices,  p.  a6o,  for  th«  convenience  of  applying  to  cells  containing 
highly  refrarlinn  (;]obuIes,  resembling  oil,  &c.,  undtr  the  microswpc 
Chloroform  must  be  kept  in  c;ipptd  and  stopjiered  bottles,  carefally 
protected  from  the  light. 

391.  Efftrt*  or  Airoiioi  nnd  Btkrr. — Alrohol  coagulates  albuminon 
mailers.  Riopla-im  is  .ilw.-iys  rendered  granular  by  this  reagent  MaBf 
transparent  tissues  are  corrugated,  and  rendered  more  or  less  opM|ae 
by  alcohol.  It  dissolves  cenain  fonns  of  fatt>'  matter,  resinous  sutfr 
rials,  and  many  kinds  of  vegcLiblc  and  animal  colouring  matter. 

Kthcr  is  of  great  use  for  dissolving  various  kinds  of  fatty  matter,  lo 
many  cases,  however  <as,  for  example,  in  common  milk),  the  oil  globol* 
is  covered  with  a  oscous  or  albuminous  investment,  which  protects  * 
from  the  action  of  the  ether.  In  this  case  it  is  necessary  to  add  a  diof 
of  acetic  acid,  or  solution  of  potash  or  soda,  to  dissolve  the  membrane, 
when  the  ether  will  at  once  act  upon  the  fat 

Chloroform  is  a  valuable  fluid  for  dissolving  Canada  balsam,  p.  57- 

x«l.  nitric  Add  of  two  different  degrees  of  concentration  should  ^ 
kept,  the  strongest  that  can  he  ]>rocured,  and  a  solution  comain*"! 
about  twenty  i»er  cent,  of  the  strong  acid.  'I"his  Ixst  is  the  acid  tW* 
used  by  the  microscopisL  It  may  be  prei>ared  by  mixing  one  (xirt.  » 
tlie  strong  commercial  acid  with  live  ports  of  distilled  water. 

IBS.  HRlpliurlc  Arid  is  sometimes  required  undiluted,  but  a  sri^ 
bottle  of  diluted  acid  (one  of  acid  lo  five  of  water)  should  also  b^  ** 
hand.  The  pure  colourless  acid  should  alH'ays  be  procured ;  it  is  to  ^ 
purchased  for  about  ts.  6d.  a  pound,  but  only  very  small  quantities  ^ 
required. 

»»4.  Hydrm-blaric  Acid  may  bc  obtained  perfectly  colourless.  " 
should  be  kepi  in  the  pure  state  and  diluted  as  rcfiuired. 

■as.  Aertic  A«id.^Two  specimens  of  acetic  acid  will  bc  fou*'" 
convenient  One,  a  solution  of  the  strongest  acid  which  can  be  p^"*] 
cured;  the  other,  containing  about  twenty  ]ki  cent  The  last  is  t^^**" 
pared  by  dissolving  one  part  of  the  strongest  liquid  add,  or  of  the  f*^ 
giafial  acelic  Mii/^  in  five  of  water.  Thv  facial  autit  add 'a  now  cC^* 
monly  employed  for  photographic  purposes,  and  can,  therefore,  be  r^^T 
readily  obtained.  It  possesses  grcil  advantages  over  other  kinds  of  »*^ 
for  microscopical  purposes. 

s«s.  Chrumic  Add  is  usually  required  very  diltJte.  For  the  \*^ 
poses  of  hardening  ti&sues  a  watery  solution  of  a  straw  colour  will  bt 
found  strong  enough.  It  is  ea.sily  prepared  by  dissolnng  a  little  of  tf* 
cr)-stilli^ed  chromic  acid  in  disiilled  water.     Sev  p.  67. 

307.  Eflwt*  of  Adds  on  Orsaale  StnictareK. — The  effects  of  the 
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application  of  cold  strong  acids  to  animal  textures  are  very  variable  ;  in 
sc»«^^  instances  the  tissue  is  completely  destroyed,  while  in  others 
j^-;s»rcely  any  effect  seems  to  be  produced.  The  mineral  acids  generally 
-^jjigiilate  albuminous  tissues,  and  render  their  microscopical  characters 
,^-,rifiised  and  indistinct  Tribasic phosphoric  tuid,  however,  is  an  excep- 
Xo^  '*°  *^^  /^flr/i^  acid  dissolves  many  of  the  substances  allied  to 
j^lt»umen. 

TTie  apj)eaTance  of  some  textures  is  scarcely  altered  by  the  applica- 
tion of  a  strong  acid ;  for  instance,  the  blood  corpuscles  shrink  a  little, 
tytJit  exhibit  their  usual  form  and  general  characters  for  some  time  after 
X^G  addition  of  strong  nitric  acid,  and  the  cells  of  the  epidermis  and 
h;3JlI,  although  turned  of  a  yellow  colour,  are  not  destroyed  ;  the  latter 
^x-e  separated  somewhat  from  each  other,  and  their  outline  is  often 
xc\3iAt  beautifully  distinct     Most  of  the  mineral  constituents  of  the 
bcxly,  insoluble  in  water,  are  directly  dissolved  by  the  acids.     Strong 
nitric  acid  is  a  useful  reagent  for  demonstrating  vegetable  cellular 
structures. 

Acetic  Add. — Acetic  acid  is  one  of  the  most  useful  reagents  to  the 
microscopical  observer.     It  has  the   property  of  dissolving  granular 
matter  composed  of  albuminous  material,  and  of  causing  the  cell-wall 
and  many  kinds  of   formed  material  to    become  very  transparent ; 
although  it  often  renders  the  bioplasm  darker  and  more  distinct.     In 
many  instances  the  action  of  the  acid  upon  the  cell-wall  is  curious. 
This  formed  material  becomes  more  pulpy  and  thicker,  and  approaches 
in  tenuity  and  refractir^  power  the  solution  in  which  it  is  immersed. 
In  numerous  instances,  by  adding  a  saline  solution  to  cells  which  have 
becD  previously  rendered  transparent  by  acetic  acid,  they  again  contract, 
and  the  outline  becomes  distinct     In  some  cases,  however,  the  outer 
part  of  the  cells  is  actually  dissolved  by  the  acid,  and  the  bioplasm  is 
set  free.    Acetic  acid  is  very  frequently  used  to  make  epithelial  struc- 
tures transparent,  in  order  that  the  arrangement  of  the  minute  vessels 
and  nerves  in  papUlse,  &c.,  may  be  demonstrated,  as  in  the  case  of  the 
tongue,  skin,  &c.     Sections  of  preparations  which  have  been  hardened 
by  maceration  in  alcohol,  may  require  to  be  boiled  slightly  in  acetic  acid 
to  render  them  transparent     The  action  of  acetic  acid  on  white  fibrous 
tissue  is  very  characteristic,  as  it  converts  it  into  a  transparent  jelly-like 
mass,  in  which  a  few  bioplasts  are  visible.     Upon  the  yellow  element, 
On  the  other  hand,  this  reagent  exerts  no  action  whatever. 

Acetic  acid  may  also  be  employed  for  testing  crystalline  bodies,  as 
phosphates  and  carbonates.  By  it  phosphate  and  carbonate  of  lime 
may  be  distinguished  from  oxalate  of  lime  (all  which  are  insoluble 
in  water),  the  acid  dissolving  the  two  former,  while  the  latter  is  not  dis- 
solved even  if  boiled  with  it  The  action  of  acetic  acid,  upon  any  par- 
ticular tissue,  upon  any  form  of  cells,  fibres,  &c.,  that  are  subjected 
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to  examination,  should  always  be  specially  noted  Many  tissues  a 
quite  insoluble  in  acetic  acid,  though  they  are  not  rendered  opaqi 
by  it 

Nitric  Acid. — Strong  nitric  acid  dissolves  albuminous  substanct 
but  first  colours  them  deep  yellow.  Dilute  nitric  acid  is  much  employi 
in  microscopical  research.  An  acid  composed  of  one  part  of  add 
two  or  three  of  water,  forms  a  good  solution  for  hardening  some  stru 
tures  previous  to  cutting  thin  sections.  The  thin  sections  may  som 
times  be  rendered  very  transparent  by  being  treated  afterwards  wi: 
dilute  caustic  soda.  For  demonstrating  muscular  fibre-cells,  nitric  ac 
is  a  valuable  reagent  For  this  purpose  the  solution  should  conta 
about  twenty  per  cent  of  strong  acid,  and  the  muscular  fibre  should  I 
allowed  to  soak  in  it  for  some  days,  when  small  pieces  may  be  remove 
with  scissors,  and  after  being  carefully  torn  up  with  fine  needles,  su 
jected  to  examination. 

When  we  wish  to  obtain  a  few  of  the  follicles  of  a  gland  with  the 
special  ducts,  or  portions  of  glandular  structure  isolated  from  oi 
another,  it  is  a  good  plan  to  soak  the  tissue  for  some  days  in  dilu 
nitric  acid  (one  part  of  acid  to  six  or  seven  of  water),  when  the  areol 
tissue  becomes  softened.    At  the  same  time  the  gland  structure 
rendered  more  firm,  and  may  be  isolated  very  readily  with  the  aid 
needles.     In  this  manner  the  gastric  glands,  the  secreting  follicles 
the  pancreas,  and  salivary  glands  may  often  be   very  satisfactor 
demonstrated. 

By  boiling  animal  tissues  in  strong  nitric  acid,  they  becoi 
destroyed,  while  any  siliceous  constituents  remain  behind  unalterc 
In  this  manner,  the  siliceous  skeletons  of  the  DiatomaceiE  may 
separated  from  any  organic  matter  with  which  they  were  combine 
This  is  one  of  the  processes  employed  for  obtaining  these  beauti 
objects,  from  guano. 

Sulphuric  Add. — Hydrochloric  Add. — Concentrated  sulphuric  a* 
causes  epidermic  structures  to  swell  up  very  much,  and  the  cells 
separate  from  one  another  so  as  to  be  readily  isolated.  Boiling  a.< 
completely  dissolves  them.  In  the  examination  of  hair,  strong  s 
phuric  acid  will  be  found  to  render  the  outline  of  the  cells  very  distin 
Hydrochloric  add  is  usually  employed  for  dissolving  out  the  mine 
constituents  of  certain  tissues,  such  as  bone  or  teeth.  As  a  rule,  it 
better  to  use  dilute  acid  (one  of  acid  to  three  or  four  of  water), 
which  case,  however,  a  longer  time  must  of  course  be  allowed,  tl" 
when  the  acid  is  concentrated. 

198.  Solution  of  Potasb  should  be  kept  of  two  or  three  differ^ 
degrees  of   strength.      One,   the  strongest  which  can  be  obtain* 
another,  made  by  mixing  one  part  of  the  strong  potash  with  three 
four  of  water  J  and  a  solution  consisting  of  one  part  of  liquor  pota£ 
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to  eight  or  ten  of  water  will  be  found  of  a  useful  strength  for  the 
gjcamination  of  many  preparations. 

SVV.  ■•intSoii  of  saAa  is  generally  required  very  dilute.  It  may  be 
jxiade  by  mixing  one  part  of  the  strong  solution  of  the  shops  with  tive 
fjX  six  of  water ;  but  this,  for  many  purposes,'  will  require  to  be  still 
further  diluted.  Or,  about  twenty-five  grains  of  the  fused  soda  may  be 
fjjssolved  in  an  ounce  of  distilled  water. 

SiMi.  AauMBiB. — Solution  of  ammonia,  made  by  mixing  one  part 
of  the  strongest  liquor  ammonise  (British  Pharmacopoeia)  with  three  of 
vater,  wiU  be  found  sufficiently  strong  for  all  the  purposes  for  which 
this  reagent  will  be  required. 

SOI.  BlfteU  ar  AlkBlle*  •■  Orsmnle  Stmctarei — The  action  of 
alkalies,  even  when  cold  in  a  very  dilute  state,  is  to  dissolve  most 
animal  textures.  Cell-membranes  are  frequently  almost  instantly  dis- 
solved, while  the  bioplasm  or  germinal  matter  appears  at  least  in  many 
instances  to  be  altered  very  slightly. 

Alkalies  are  also  employed  for  dissolving  certain  crystalline  sub- 
ttances  which  are  occasionally  found  in  animal  tissues,  such,  for  instance, 
as  the  urates.  The  action  of  potash  and  soda  upon  animal  structures 
is  very  similar.  Both  dissolve  substances  of  an  albuminous  nature,  but 
the  effect  of  soda  is  more  gradual,  and  it  has  been  found  that  for  most 
purposes  in  microscopical  research,  the  latter  reagent  [possesses  advan- 
tiges  over  potash.  The  solution  of  potash  required  by  the  micro- 
scopist  is  the  ordinary  liquor  potasses  of  the  pharmacopceia,  and  the 
solution  of  soda  is  prepared  in  the  same  manner.  These  solutions 
may  be  diluted  with  water  to  the  required  strength. 

Potash  and  soda  are  employed  where  a  tissue  is  to  be  rendered 
more  transparent  for  the  purpose  of  demonstrating  the  arrangement  of 
the  nerves  or  other  anatomical  elements  not  soluble  or  only  dissolved 
tfter  the  lapse  of  time  in  this  reagent  These  solutions  dissolve  the 
layer  of  epithelium  covering  mucous  membranes,  or  render  it  perfectl] 
transparent,  so  that  the  arrangement  of  the  structures  beneath  the  base- 
laent  membrane  can  be  easily  demonstrated.  In  investigating  the 
arrangement  of  the  nerves  and  vessels  in  papillae  and  other  structures, 
tbey  are  very  valuable,  especially  the  soda  solution.  For  the  purpose 
above-mentioned,  the  alkalies  should  be  diluted  with  water.  The 
changes  are  expedited  by  the  application  of  heat,  which,  however,  must 
not  be  too  great,  for  fear  of  complete  solution  taking  place.  The 
structure  may  be  heated  with  the  solution  in  a  test  tube.  Observations 
must  be  made  immediately  after  the  application  of  the  reagent — for  in 
»■  sliort  time  all  the  textures  may  become  so  transparent  that  every  trace 
of  stracture  seems  to  have  disappeared. 

Some  animal  textures  become  hardened  by  prolonged  maceration 
^^^  carbonate  of  potash,  but  this  plan  does  not  appear  to  be  so  gcnec&UY 
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useful  afi  others  previoiu^ly  indicated.     Epidennic  structures  are  n^ 
much  nltcred  by  tliis  salt.     1'he  introduction  of  ditTcrcnt  rhcmicmi 
solmions  by  injection,  will  be  discussed  in  part  VI.     I  strongly 
mend  this  plan  of  subjecting  the  tissue  to  the  action  of  the  reagent 

S«3.  Nitrate  nf  avryU*. — A  cold  iv-ttiiratcd  solution  of  ih 
forms  a  test  solution  of  convenient  strcnglK  It  should  be  filtenxj 
before  use.  A  solution  of  nitrate  of  baiTlcs  is  employed  as  3  test  (0% 
sulphuric  and  phosphoric  acids.  The  precipitated  mtphate  ef  baryta  i^ 
insoluble  both  in  .icids  and  alkalies  ;  yt)\'\\c phosfi/tate  o/^iryta  is  readily 
soluble  in  acids,  but  insoJuble  in  ammonia, 

sun.  ikiim«  »f  aiirrr. — A  stilution  of  nitrate  ef  silver  is  prcpued; 
by  dissolving  one  hundred  and  twenty  grams  of  ibc  crystallized  nitnte 
in  two  ounces  of  distilled  water,  and  filtering  if  necessary.     Nitrate  ol 
silver  is  employed  as  a  test  for  chlorides  and  phosphates.    The  vkite 
precipitate  of  chloride  of  sil%*er  is  soluble  in  ammonia,  but  insoluble  tn 
nitric  acid.     The  yttllow  prcripitntc  of  tribasic   phosphate  of  silver  is 
soluble  in  cxccM  of  .ammonia,  as  wcH  as  in  excess  of  nitric  acid. 

S04.  uxHUM  •€  AwmoiiiK.  Some  crystals  may  be  dissolved  ia 
dintillcd  water,  and,  after  allowing  time  for  the  solution  to  become 
satun-ited,  it  may  be  filtered.  Oialate  of  ammonia  is  used  as  a  tcti  lor 
salts  of  lime.  Oxalate  of  Iwte  is  insoluble  in  alkalies  and  in  acttir 
acid,  but  solut>lc  in  the  strong  mineral  acids.  In  testing  an  insoluble 
deposit  for  liine,  it  may  be  dis-wlved  in  nitric  acid  and  excts  rf 
amnionia  added  j  the  fiocculent  precipitate  is  readily  dissolved  Iw 
excess  of  acetic  acid,  and  to  this  solution  the  oxalate  of  ammonii  lUT 
be  added.  The  precipitation  of  oxalate  of  lime  is  favoured  by  li* 
application  of  hcaL  Many  deposits  of  phosphate  are  with  great  dilB- 
cully  soluble  la  acetic  acid,  hence  the  aecessity  of  first  adding 
acid,  OS  above  directed. 

80S.  latfine  itsiuiidait. — An  aqueous  solution  is  easily  prepared^ 
dl<u^lvutg  a  few  grains  of  iodine  in  some  distilled  B-atcr,  until  it  aoqoA 
»  brownish -yellow  colour.  A  solution  of  iodine  is  sometimes  usefiil 
colouring  certain  animal  and  vegetable  textures,  which  are  so 
Itarent  a»  to  be  scvccly  disitiiiguishabic  upon  microscopical  exami 
In  the  examirution  of  many  such  struaurca,  great  .iitsistance  wilt 
obtained  from  the  use  of  coloured  soUitioos^  fkrlicate  textures,  like 
cell  wall  and  Kiwmeni  niemhrane,  S:c.,  can  be  far  better  distinguistitfl 
when  a  faint  tint  is  comnuinicated  to  them,  than  when  perfectly  coiont' 
less.  \\'lt<_-n  a  membmne  is  tn  lie  matic  more  dlstimi,  ii  ouij  tc 
immcTKcd  in  .1  little  Prussian  blue  fluid,  p.  109,  the  minute  {larlidauf 
which  odhurc  to  it,  and  enaUe  us  to  trace  its  outline  clearly.  A  veik 
solution  or    magenta  answers  ihe  same  pufi>ose. 

loilinv   i^  priiKiiially  employed  xs  a  test  for  starch  which  is  rendncd 
blue  by  oxi   atiueous  solution,  CYen  when  very  dilute      AlbunBBOM 
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nuien  and  tissues  are  coloured  yellow  by  iodine,  and  vegetable  cdlu- 
]ax  Ttceivcs  a  brownish-ycIIow  tingi*.  The  addition  of  sulphuric  acid 
(line  part  of  ihc  Blrong  acid,  Iwo  parts  of  walcr)  to  albuminous  matter 
uaint^l  Mith  iodine,  causes  no  change,  but  cellulose  under  the  same 
uitiinistan<^s  becomes  blue.  In  cases  wheru  substances  allied  to  starch 
aDiJ  cellulose  (amyloid  nutters)  are  found  associated  n-ilh  the  aTbu- 
Riinous  matters,  a  puq)ic,  bluish,  or  greenish  tinge  remits  from  the 
gciio^n  nf  iodine  and  sulphuric  acid. 

A  strong  solution  of  iodine  may  be  obtained  hy  employing  a  solution 
of  ioiltde  of  poussium  to  dissolve  the  iodine  (one  grain  of  Iodine  and 
Anc  ^ns  of  iodide  of  potasiUum,  to  one  ouncu  of  distilled  water  or 
jWcciiiie). 

Schuttz  recommends  the  following  iodine  solution  : — Zinc  is  dis- 
lohtiU  in  hydrochloric  acid;  the  solution  is  permitted  to  evaporate  in 
contaci  with  metallic  zinc  until  it  attains  the  thickness  of  a  syrup;  and 
the  sj-nip  is  then  Kituratcd  with  iodide  of-  potassium.  The  iodine 
If  rrii  added,  and  the  solution,  ■  if  necessary,  is  diluted  with  water. 
Prefrssor  Busk  gives  the  following  directions  for  preparing;  this  solution : 
0  of  fused  chloride  of  zinc  is  to  be  di.tsnlvcd  in  nbout  half  an 
I  water,  and  to  the  solution  (which  amounts  to  about  an  ounctr 
Suid  measure),  three  grains  of  iodine,  dissolved  with  the  aid  of  sis 
{lam  of  iodide  of  poto-ssium,  in  the  smallest  possible  quantity  of  water, 
wt  to  be  added  ("Transattions  of  the  Microscopical  Society,"  vol.  i, 
|i  (}).  I  have  employed  a  solution  prepared  in  lliis  uunncr,  and  can 
rpak  very  highly  of  its  utility.  In  making  it,  it  is  ncccss-ir)-  to  be  care- 
ful not  io/kw  the  chloride  of  zinc  much,  or  to  employ  a  very  high  tem- 
pennitf,  as  decomposition  Is  apt  to  take  place.  In  tesung  starch  with 
this  solution,  it  is  advisable  to  add  a  very  little  water,  as  the  solution 
frequently  will  not  act  tn  its  concentrated  form. 

or  APPLYING  TESTS  TO  MINUTE  QUANTITIES  OF  MATIER. 

aao.  Mfiknrt   af  A|i»t|lnit  TtvtM  t*- Hnkiiianreii  Intendrd  for  mtriw- 

■eapUal  ExBiuUiHtton.— The  matter  to  be  tested  may  be  placed  ujmjh  a 
gbui  liide,  and,  if  necessary,  a  drop  of  water  added,  to  moisten  or 
dissolve  it,  as  the  case  may  be. 

In  these  operations  we  usually  require  only  a  small  drop  of  a 
mltition,  and  it  will  be  found  most  convenient,  in  aj)]>lying  the  test  fluid 
10  the  objc<:t,  to  lake  a  drop  from  the  bottle  by  dipping  a  stirring-rod 
into  it,  and  withdrawing  it  immediately.  Enough  will  adhere  to  the 
ttining-rod  for  the  purpose  required.  The  rod  should  not  be  dipped  in 
« lecoad  time,  without  being  first  well  washed  in  distilled  wattT,^for  if 
Sua  he  not  scrupulously  attended  to,  there  is  great  danger  of  conveying 
lOtnrof  the  substance  intended  for  examination,  into  The  test  bottle,  vn 
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which  case  the  whole  contents  of  the  latter  would  be  spoiled  Without 
great  care  in  all  our  manipulations,  there  will  be  much  danger  of 
removing  a  portion  of  one  substance  from  a  glass  slide  and  carrying  Jt 
to  specimens  which  are  subsequently  examined.  Accidents  of  the  kind 
can  always  be  avoided,  by  not  allowing  the  drop  of  the  reagent  to  toudi 
the'  specimen  until  the  rod  has  been  removed.  The  drop  may  be 
placed  near  the  substance  intended  for  examination,  and  then  allowed 
to  come  into  contact  with  it,  either  by  inclining  the  glass  slide,  or  by 
leading  it  with  a  very  thin  piece  of  glass  or  a  .platinum  wire,  to  the 
matter  to  be  tested. 

sof.  BattiM  with  GapUlJUT  Ortflcea. — The  various  tests  above 
referred  to  may  be  preserved  in  ordinary  stoppered  bottles,  but  I  mud 
prefer  to  keep  them  in  small  tubes  with  capillary  orifices,  from  whidi 
only  a  drop,  or  a  part  of  a  drop,  can  be  expelled  when  necessaiy. 
Several  years  since  I  arranged  all  the  ordinary  tests  I  required  for 
microscopical  purposes  in  small  bulbs  which  were  drawn  off  to  a 
capillary  point  They  were  provided  with  glass  or  gutta-percha  capi 
These  bulbs,  however,  were  somewhat  inconvenient  in  consequence  of 
not  being  made  to  stand  upright,  and  Mr.  Highley  substituted  for  them 
tubes  with  flat  bottoms  and  ground  glass  caps.  See  pi.  LXI,  p.  j6i, 
figs.  I  to  4.  To  fill  these  test  bottles  having  capillary  orifices  I  proaed 
as  follows ; — A  little  of  the  solution  is  poured  into  a  small  basin,  the 
tube  being  inverted  so  that  its  orifice  dips  beneath  the  surface  of  the 
fluid.  Heat  being  now  applied  to  the  body  of  the  bulb,  the  air  in  Ae 
interior  is  expanded  and  partially  expelled.  As  the  bottle  becomes 
cool,  a  certain  quantity  of  the  fluid  rises  up  into  its  interior.  Usually, 
however,  it  is  not  possible  to  introduce  more  than  a  few  drops  in  this 
manner.  The  bottle  is  then  removed  and  heated  over  the  spirit-lamp 
until  the  drop  of  fluid  in  its  interior  is  in  a  state  of  ebullition.  While 
the  steam  is  issuing  violently  from  the  orifice,  the  latter  is  again  plar^ 
beneath  the  surface  of  the  fluid.  As  the  steam  within  condenses,  the  | 
solution  rises  up  in  the  interior,  and  would  completely  fill  the  little  | 
bottle  if  it  were  maintained  in  this  position,  but  when  it  is  about  three 
parts  full  it  may  be  removed  from  the  fluid.  If  it  were  comi^etely 
filled  it  would  be  difllicult  to  expel  a  drop  of  the  fluid  when  required 
A  certain  quantity  of  air,  therefore,  is  allowed  to  remain  within  the 
bottle,  and  this  being  expanded  by  the  warmth  of  the^  hand,  the  quan- 
tity of  fluid  required  can  be  driven  out  at  pleasure. 

Mr.  Highley  has  made  a  further  modification  by  arranging  the 
capillary  neck  in  the  form  of  a  tubulated  stopper,  by  the  removal  of 
which,  fluid  can  be  introduced  as  in  filling  an  ordinary  bottle,  fig-  3' 
pi.  LXI,  p.  262.  For  microscopical  purjwses  bottles  with  capillary 
orifices  possess  many  advantages  over  the  ordinary  stoppered  bottles  lO 
which  tests  are  usually  kept. 
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place,  a  most  minute  quantity  of  the  test  can  be  obtained 
ItTiout  difficulty,  anil  there  in  no  chance  of  more  tlian  the  drop  or  two 
tcjuircd  csciping  from  the  bottle 

Sf^fin/ffyt  there  is  do  danger  of  the  reagent  becoming  spoilt  by  the 
niroduction  of  various  substances  from  wiihout.  If  an  ordinary  stop- 
{crvd  bottle  be  ubcU,  a  drop  of  the  fluid  niusi  lie  removed  with  a  pi|}ctte 
m  stining-rod,  but  H  these  should  not  be  (luiie  clean,  foreign  substances 
any  be  introduLed,  and  Uie  reagent  spoilt  for  further  operations  Care- 
Ittsoess  upon  thb  iiead  will  lead  to  the  grcatcsi  inconvenience,  and  to 
(crious  misuses. 

TJiird/jr,  Icsling  by  means  of  these  little  bottles  can  he  conducted  in 
t  wty  short  space  of  time,  and  a  numl>er  of  the  test  bottled  filled  with 
tlieir  solutions  may  be  packed  in  very  small  compass,  pi.  LXI,  p.  263, 

awi.  rapllUry  Tubes  witk  I  ndliuratiiier  tied  STcr  tbe  Top. — 
Dl  Lawrence  Sinitli  recommends  that  (he  tests  should  be  kept  in 
bottles  of  two  ounce  ca[>acity.  and  instead  of  a  stopper,  he  inserts  a 
lube  in  the  form  of  a  pipette,  the  ujipcr  ui«n  end  of  which  is  covered 
«b  3.  piece  of  vulcanised  lndia-nibl>er,  pi.  LXI,  fig.  6.  By  pressing 
lllii  while  the  lower  end  is  beneath  the  fluid,  a  portion  of  the  air  will,  of 
couisc,  be  driven  out,  and  a  little  Huid  will  ru^ih  in  to  supply  its  place 
MKwn  as  the  pressure  is  removed.  The  tube  with  the  contained  test 
wiitkm  may  then  be  removed  from  the  bottle,  and  by  again  pressing 
IIk  India-rubber,  a  drop,  or  a  ]xtnion  of  a  drop,  will  be  ver>*  readily 
OfellL-d. 

us.  mtlnv  l»r  rKflHinnic  ami  PbOHptintc  a(  Lime,  Fbu^pbuic 
*r  Ainnitraln  and  HMrnma.  KulpbaicM  and  tblnrldm. — Suppose  the 
"Mun:  of  the  substances  composing  ceruin  forms  of  earthy  matter  b  to 
be  ucertained.  A  small  portion,  about  the  size  of  a  pin's  head.  Is 
phctd  upon  the  slide,  and  covered  lightly  with  a  piece  of  thin  glass, 
Ktil,  a  drup  of  «//r/V  aa'i/  is  placed  near  to  the  thin  glass.  The  arJd 
Won  rtatbcs  the  sediment,  and  the  disengagement  of  a  few  bubbles  of 
{u  nuy  be  <^cr\*ed  These  are,  as  it  were,  temporarily  pent  up  by 
•^  Uiin  glass.  If  there  should  be  any  doubt  about  the  action  of  the 
'^  '"c  may  resort  to  examination  in  the  microscoite,  when,  if  tliere  be 
but  very  few  bubbles,  and  these  exceedingly  minute,  they  may  be 
'^'ttctcd  without  difficulty.  The  formation  of  the  bubbles  of  gas  in- 
•"Wo  the  presence  of  a  eaHfcnaie. 

The  acid  solution  obtained  as  abo^■e  described,  should  be  neutralised 
■^Ih  ammonia,  when  a  faint  ttocculcnt  prccipiuie  m.iy  be  produced. 
Mtr  ihij,  has  stood  still  for  a  few  minuter  it  should  be  covered  with 
'*'™  ^a«  and  examined  under  the  microscope.  The  deposit  which 
^""cs  the  opalescence  nuiy  consist  of  amorphous  granules  and  small 
^^!i,  which,  if  allowed  to  stand  long  enoujjii,  will  take  the  form  of 
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triangular  or  quadrangular  prisms  (phosphate  of  ammonia  and  magnesia, 
phosphate  of  lime), 

If  we  wish  to  ascertain  the  presence  of  sulphates,  a  little  of  the 
nitric  acid  solution  is  treated  with  the  test  solution  of  nitrate  of  baryta. 
An  amorphous  precipitate  of  sulphate  of  baryta,  insoluble  in  strong 
nitric  acid  and  alkalies,  takes  place,  if  sulphuric  acid  be  present  The 
presence  of  chlorides  is  detected  by  the  addition  of  a  little  nitrate  ef 
silver  to  a  drop  of  the  solution  of  the  deposit  in  weak  nitric  acid-  The 
white  precipitate  of  chloride  of  silver  is  insoluble  in  nitric  aa'd,  but  is 
dissolved  by  ammonia. 

The  above  will  serve  as  examples  of  the  method  of  detecting  the 
presence  of  several  different  substances  in  a  very  minute  quantity  of 
matter.  The  indications  obtained  in  this  manner  are  quite  as  valuably 
and  may  be  relied  upon  with  as  much  certainty,  as  if  we  were  provided  4 
with  a  very  large  quantity-of  material  to-work  upon.  In  a  single  drop 
of  a  composite  solution,  the  presence  of  several  different  acids  and 
bases  may  be  detected. 

sio.  New  HethMl  of  HlersHceplcal  .Aiialrflls. — Since  >I  have  been 
in  the  habit  of  using  glycerine  as  the  basis  of  all  my  injecting  fluids  and 
preservative  solutions,  I  have  employed  it  as  the  solvent  of  aU  tests,  and 
with  the  greatest  advantages.     The  reactions  are  of  course  -slower,  but 
much  more  perfect.     Crystals  can  be  formed  most  readily  by  this  pro- 
cess, and  as  the  viscid  solutions  mix  very  slowly,  most  perfect  crystals 
even  of  substances  which  crystallize  with  great  difficulty  in  water,  are 
frequently  obtained.     If  glycerine  be  added  gradually  to  many  solutiooi 
of  crystallizable  matter  crystals  are  deposited.     The  various  tests  may 
be  dissolved  in  a  little  water  and  then  added  to  strong  pure  glycerim 
I'he  iodine  reactions  can  often  be  obtained  most  satisfactorily  by  tha:i| 
mode  of  proceeding.    The  solutions  may  be  kept  in  the  little  ^MM 
bottles  described  in  p.  260.     Very  strong  solutions  of  the  nitric  aadw 
sulphuric  acids  cannot  be  obtained  with  the  aid  of  glycerine,  but  it  ii  ^ 
seldom  that  a  stronger  solution  than  one  part  of  acid  to  five  of  glycerine  ■ 
is  required.     If  a  very  strong  viscid  solution  of  acetic  acid  be  wanted,   '■ 
lump  sugar  instead  of  glycerine  may  be  added  to  warm  acetic  acid  m 
sufficient  quantity  to  make  a  fluid  of  the  consistence  of  syrup. 

Glycerine  may  be  employed  as  the  universal  medium  for  the  ex- 
amination, preservation,  and  qualitative  analysis  of  microscopic  objects. 
It  need  scarcely  be  said  that  glycerine  and  syrup  are  miscible,  so  that 
the  viscidity  of  any  fluid  can  be  readily  increased  by  the  addition  of 
sugar  to  it 

0/  obtaining  Crystalline  Substances  from  the  Fluids  and 
Textures  of  tlu  Organism. 

Sii.  roroMtian  of  CTT»tai». — Sovc^c  cT^ulUne  bodies  are  deposited 
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^^91  their  sulution  in  animal  fluids  by  simple  evaporation;  otKer^,  less 
_l  «j.  ble,  may  be  obtained  by  allowing  Ihc  Quid  to  stand  still  in  a  bhaJlow 
or  jiorcclain  vessel  for  a  lime,  when  certain  vliaiigcs  otxur  in  some 
flic  constituents,  which  lead  to  the  dc|)Osition  of  M>mc  substances  in 
j^^rystailine  form.  Uric  acid,  for  instance,  cjsiino,  leucine,  triple 
c^y^pliaic,  and  some  other  cr)'&tals  may  be  thus  obtained.  In  other 
;  it  is  necessary  la  add  some  reagent  which  will  promote  the  forma- 
ltioK3  of  cr^'sialg,  while  not  unfrcquently  a  long  and  it  may  be  com- 
j  iili*ri»'ci]  chemical  analysis  is  required  to  rcmo%'e  or  decompose  certain 
ivit>5taiir.es  which  interlere  with  crj'stallizalion.  The  addition  of  water 
in  sotue  cases  promotes  rapid  crystalti/^tion,  esjieciatly  when  the 
ciysliiUizable  uuterial  is  dissolved  to  viscid  orgatiic  iiiatier.  Wtien 
water  is  added  to  the  blood  of  some  animals  the  hxmatw:r)'staUin  is  dis- 
Milvcii  out  of  the  red  blood  corpuMrle*,  and  crystallizes  as  the  solution 
b  concentrated  by  stow  evaporation,  S^  p\.  XXXIX,  figs.  3,  6,  i>,  r58. 
Instead  of  water,  alcohol,  ether,  or  c-hloroform,  in  which  the  crystals 
may  be  much  less  soluble  than  in  water,  is  to  be  preferred  in  some 
cue*. 

Crystalline  substances  which  are  dissolved  in  animal  fluids,  may 

nften  be  ^iciurated  in  a  [H;rfcctly  pure  state  by  the  addition  of  another 

fluid  in  which  they  are  not  so  readily  soluble.     Glycerine  may  some- 

thncs  be  used  with  ad\'antage  for  this  purpose.     In  all  cases,  the  fluid 

ftboulJ    be  added  very  gradually  and   plenty  of  lime  allowed  for  the 

rorTa:ilion  of  the  crystals.     At  first  nothing  biit  an  amorphous  precipitate 

ln;sult%  but  the  minute  granules  gradually  assume  the  cr}'.siallinc  form, 

luid  at   last  perhaps  become  large  and  well   formed  ciyscabi.     Many 

[oTKJUiic  substances  soluble  in  alcohol,  may  be  crystanieed  by  the  addition 

Iff  ether,  while  some  arc  precipitated  from  their  solution  in  water,  by 

[tile  j5rad11.1l  addition  of  alcohol, 

aStS.  InfluriiM  of  *arifliiB  ran*tltuf  nts  iinaii  tttt  ('rfMsklllrailnil. — 
In  iruiny  instances,  it  is  exceedingly  difficult  to  5ei>arate  some  crystalline 
hubstAnces  from  other  constituents  by  which  their  solubility  is  much 
LSed,  and  the  process  of  crystallization  often  prevented.    The  ex- 
tractive mutters  of   blood,  and   of   many  organic    fluids,   exert  this 
^ntluence  in  a  marked  dega-c,  and  it  is  only  of  late  years  chat  several 
bodies  of  definite  chemical  composition  have  been  separated  from 
^thc    »o-«Iled  amorphous  cxtractive<L     Creatine,  creatinine,  and  some 
otlicT  welWefined  cr)*stals  were  formerly  included  under  the  indefinite 
[lerm  ••extractives.''    Certain  colouring  matters  of  definite  comf)osition 
'have  alio  been  separated,  and  it  is  very  ])rulialilc  that  as  the  methods  of 
aa^ysis  SI  our  disjiosal  become  impioved,  new  crystalline  bodies  will 
[be  discovered  in  the  extractive  matters,  and  isolated  in  a  pure  form. 
■A   ver^-  small  t|uantily  of  extractive  matter  entirely  prevents  the 
J'iitaiion  of  urea,  while  tJie  presence  of  chloride  ol  so-lvmik  u« 
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common  salt  favours  the  separation  of  this  materia]  by  formioR  with  ii  t 

compound  which  readi)y  ciystalltiKS  in  laigc  octahedral  ctt- 

ihc  pnsivncc  of  cxtiactive  matlcn.    The  cxtsicncc  of  cailn- 

excias  may  cxase  carbonate  of  lime,  triple  iihuspliate.  and  otfacr  -^ 

be  held  in  itotution.     Fjccess  of  alk^i'' 

odd,  and  cxa:-<u  of  add,  that  of  t       _      :. 

dissolve   cholcstcrine,   and   scmm    p09sc»cs    the    pcnrer    of  r> 

small  qtjantiiics  of  the  two  Insi-niimed  -■  ' 

ci}Stallinc  bodies  which  are  soluble  at  1        ■  ■■'_ 

ci^talUze  when  the  solutions  containiDg  them  are  cooled  thinjr 

degrees.     Tlie  ciToct  of  dilution  in  rL-t.-iininj>  rryst;iU  in  sik    ' 

scarcely  be  alluded  ta     It  fullows  ihun,  ihai  licfacc  we  r.^' 

microscoiJtcal  examination,  the  [fresence  of  many  subhta: 

chcmioil  operations  are  required  either  for  the  purpose  < 

ihcm  from  their  combinations  in  the  aniioaJ  body,  or  tor  thi. 

other  sul>!itanccs  which  interfere  with  their  ci^'slallieaiioci. 

aia.  RcparatiaH  of  CrrauaM  fMw  Animal  iwImIbmcc*.— Ta  mOT 
instances  this  is  a  matter  of  some  difficulty-  If  nor-very  soon  sffstuci 
from  the  organic  fluid  in  which  they  arc  formed  cr 
(lucntly  undergo  rai>id  rc-soluiion,  or  even  bcccime  cl,;.,|..l„:_.  _-:. 
posed.  If  the  crystals  are  not  very  soluble,  the  supernatant  fiuld,  oi 
motlier  liijuor,  ouy  be  poured  off, — tlie  cr^stalUae  de;  *' 

ice<old  water,  and  sulMequcnlly  dried  on  fillcrinj;  pai* 
add  without  the  application  of  heat 

If  the  cjy^itaU  will  not  hear  the  addition  of  - 

fluid  as  jiossililc  ntust  be  poured  ofi^  and  tiie  nein 
bibulous  paper,  or  they  may  be  placed  upoa  a  porous  tiU^  ap' 
over  sulphuric  acid  in  varuo.     In  many  instances  we  art 
wash  the  crystals  with  water  holding  in  solution  a  little  y 
or  some  alkaline  salt,  or  with  alcohol,  ether,  or  some  oihei  Ihuii  i^ 
it-hich  we  know  them  to  be  i)uile  insoluble. 

In  cases  in  wliich  crystals  insoluble  in  water  arc  depositcH  in  Btitwn'' 
solids,  diey  may  be  separated  by  agitation  in  water,  when,  i 
than  the  water,  tlicy  subside  to  the  bottom,  and  the   U, 
tnatler  may  be  removed  by  fotc^jis,  or  if  in  a  very  niinttit 
sion,  poured  off  with  the  supernatant  fluid.     In  other  < 
matter  may  be  separated  by  straining,  the  crystals  bcin^  -..^..^ 
muslin. 

ai«.  nr  obtMnlait  crrualM  for  RYamlnailan. — In  order  toacntttraa 
himself  to  liic  necessary  manipulation  retiuiivd  for  Dbtaiiiin"  >r-.*>j^ 
the  student  may  evajKiralc  a  solution  of  common  salt  UfKiii  .  ■)<, 

and  when  it  lias  become  suHicienlly  coneentrUed  he  ■  Tth 

a  small  piece  of  thin  glass,  and  allow  it  to  cooL     U  '     .  '    -•:•■>. 

centnited  solution  of  salt  may  be  subjected  to  microscopical  eianuna* 
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(P7«x,  «beii  it  frill  be  found  Uut  beautiful  cubes  of  chloride  of  sodium 

la.-*,**  fomied  in  the  clear  fluid,  pi.  LVIll,  fig.  8,  p.  318,     Crj-stals  of 

st^tirnl  ialts  may  be  nude  in  the  same  simple  manner,  and  from  an 

attentive  cxamiiutioQ  of  Ihem,  much  nay  be  leamL    Phosphate  of  Soda, 

Phosphates  of  Soda  and  Ammonia,  Sulphates  of  Potash  and  Soda, 

Ctilciride  of  Ammonium,  Borax,  Alum,  Sulphate  of  Coi))k,t,  BinitKlide 

of    Mercury,  and  a  variety  of  other  salts,  can  be  readily  obtained  in 

'  jyiyr-wwsrnpirjil  crystals  III  this  manner.     Mr.  Gloshier  has  made  some 

;|}^»uurul   observations  on   snow-ilakcit.    Copies  (if  his  drawings  are 

^pre&cnied  in  pLs.  LXU  and  LXIll,  p.  364.    Among  Qi^anic  crystalline 

[Instances  of  interest  to  the  microscopisl  may  be  mentioned  Quinine, 

[^cxi<^sulphate  of  Quinine,  Salicimr,  Brucia,  Oxalic  Acid,  and  Oxalates, 

Licubriy  Oxalate  of  AninionJa. 

Different  faces  of  the  cr>'3Utl,  as  it  lies  in  the  liquid,  may  be  brought 

£rit.o  view  by  slightly  moving  the  ihin  glass  cover  with  a  fine-pmnted 

it-ianient,  such  as  a  needle,  while  the  pre[>anition  is  in  the  field  of  the 

^^n^criuN'ope.    With  a  little  pmctice,  crystals  may  in  this  manner  be  tn.ide 

^jo  rull  round  in  the  mother-liquor.     Crystals  which  are  precipitated  by 

tV^g  tddition  of  some  reagent,  &uch  as  nitrate  of  urea  by  nitric  acid,  must 

^  cjuziiincd  in  a  Uulc  of  the  solution,     llie  addition  of  water  would, 

in    puny  instances,  destroy  them  immediately.     Crystals  of  chloride  of 

•-  '^mium  and  creatine  are  re|»reseined  in  pi.  LXJII,  p.  364,  figs,  2,  3. 

u;'  Licrystalsarcsccninpls.  XLVIl,  Xl.VllI.p.  174,  and  I. VII 1,  p.  318. 

The  influence  of  the  crystals  upon  polarized  light  should  be  cx- 

imined,  atkX  in  cases  in  which  the  nature  of  ihe  crystal  has  not  been 

lit^-rtaintd,  its  angles  should  be  carefully  roea-siired,  and  arcumle  lintw- 

lags  made.    The  behaviour  of  the  crystals  with  chemical  reagents  ta 

'leAt  to  be  ascertained,  and  their  solubility  in  water,  alcohol,  nnd  other 

IjicU  [uu!>t  be  noted.     Fur  these  experiments  di/Terent  portions  inubt  be 

Ukcn  and  separately  tested  in  the  manner  referred  to  in  p.  262. 

A    drop  of  the  solution  may  also  be  rapidly  evaporated  nearly  to 

t'ryTit-sis,  and  allowed  to  crysUtllia:  upon  the  slide  without  being  cgvcied 

**'«:!X,    -vrlicn  the  substance  will  often   be  found  to  asHume  a  variety  of 

"■utiful  forms,  surji  as  crosslcls,  dendritic  expansions.  Sec,  pL  LXIII, 

_!'•    3^^  fig.  a,  which  vary  according  to  the  ra|)idity  with  which  the  evapo- 

IfrC-iork  has  bven  conducted,  and  other  circumstances. 

|~        ^^  r.  T'homas  Davics  has  obuoined  some  beautiful  results  by  crystal- 

/^'■■^B  mixed  sails,  some  of  which  exhibit  a  re-arrangement  of  crystalline 

•^      after  fuaion.     A  mixture  of  sulphate  of  copi>er  and  sulphate  of 

■i:^i.esia,  and  sulphates  of  zinc  and  magnesia  I'urm  good  examples. 

■'■«=y  should  be  examined  widi  the  aid  of  polarised  light  and  a  sclenile 

^'^*-*^«^,     iiv  the  copies  of  tiie  photographs  of  the  salts  in  Mr.  Uavies's 

*^*-*»^d  paper  in  the  "  Microscopical  Journal  "  lor  July,  1865,  p.  205. 

'^^ullj  ci^talUiing  a  solution  of  sulphate  of  cop\>et  ai  NaxvouA 
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degrees  of  temperature,  Mr.  R.  Thomas,  of  Oxford,  has  sacoeeded  in 

obtaining  a  series  of  crystalline  forms  of  a  peculiar  character.  Fnm 
the  fact  that  throughout  the  series  the  crystals  radiate  from  centres  id  a 
more  or  less  spiral  manner,  Mr.  Thomas  has  designated  the  protxa  as 
"  spiral  crystallization." 

The  solution  of  sulphate  of  copper  is  evaporated  by  a  moderate  bed, 
until  an  uncrystallized  film  is  obtained.  Tliis  film  being  subjected  (aAa 
the  manner  indicated  in  Mr.  Thomas'  paper,  contained  in  the  "  Mioo- 
scopical  Journal"  for  July,  1866,  p.  177),  to  a  temperature  of  about  6c* 
Fahrenheit,  a  number  of  foliated  crystals,  all  radiating  from  centre^ 
appear.  There  is  in  this  stage  a  sH^t  curve  or  twist  in  the  radiatioD, 
and  this  constitutes  the  first  stage  of  the  spiral,  as  represented  in  pL 
LXIV,  p.  266,  fig.  I.  At  a  temperature  of  65",  a  fiirther  advance  is 
seen  in  the  direction  of  the  spiral,  fig.  2.  At  70"°  (fig.  3)  the  spiral 
appearance  is  yet  more  distinct  While  at  temperatures  of  80°,  90**  and 
100'',  the  lines  are  smaller  and  more  numerous,  and  the  sfMial  matt 
perfect  and  symmetrical,  fig.  4.  Fig.  3  shows  a  perfecdy  formed 
which  had  been  allowed  to  crystallize  upon  a  ^de,  carefully 
from  dusL  Mr.  Thomas  believes  that  these  crystals  are  in  realitf  1 
standing  out  in  relief  upon  the  glass  slide.  The  changes  in  fonn 
occur  in  oystals  of  the  double  salt  of  sulphate  of  magnesia  and 
of  zinc,  upon  the  application  of  a  gentle  heat  subsequent  to 
tion  have  been  also  carefully  studied  by  Mr.  Thomas,  of  Oxfwd,  vllOlt'^ 
figures  are  given  in  pi.  LXV.  See  "  Microscopical  Journal "  for  Aii4 
1866,  p.  137.  Mr.  Hookham,  of  Summertown,  Oxford,  has  studied  fliii 
subject,  and  has  prepared  some  beautiful  specimens.  From  ciystab 
prepared  at  a  temperature  of  105°  some  very  interesting  forms  were 
obtained,  being  split  up  into  sections  by  right  and  left  hand  twists. 

SIB.  Exunlnatlon  of  Crrstala  nnder  tlic  MlcroBc^c. — Some  crystals 
which  have  been  entirely  separated  from  the  fluid  in  which  they  were 
originally  deposited,  may  be  examined  in  the  dry  way,  in  water,  or  (rther 
fluid  in  which  they  are  known  to  be  insoluble,  or  in  Canada  balsam ;  but 
as  a  general  rule,  it  is  necessary  to  examine  the  cr^'stats  as  they  lie  in 
some  of  the  solution  in  which  they  have  been  formed.  When  they  have 
been  obtained  by  allowing  a  concentrated  solution  to  cool,  some  of  the 
inspissated  fluid  must  be  removed  with  the  crystals,  placed  upon  a  glass 
slide  or  in  a  thin  glass  cell,  covered  with  a  piece  of  thin  glass,  and 
examined  in  the  usual  way — a  low  power  (an  inch)  being  used  first,  and 
afterwards  a  higher  power  (a  quarter).  Although  some  of  the  cryrtals 
are  of  a  large  size,  and  may  be  well  seen  with  a  very  low  power,  there 
are  others  amongst  them  which  are  exceedingly  minute  but  most  perfect 
in  form.  The  crystals  and  mother-liquor  should  not  be  exposed  to  the 
air  previous  to  examination,  for  in  many  instances  water  is  absorbed, 
and  partial  re-solution  takes  place. 
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SIS.  PreserrKtisn  of  Crratato  u  Pcrmmncnt  Objects. — The  preser- 
ration  of  the  more  soluble  crystals  is  attended  with  the  greatest  diffi- 
culty,  except  when  they  can  be  dried,  in  which  state  their  characters 
under  the  microscope   are   often   found    to    be   imperfectly   defined. 
Co'stals  which  very  readily  deliquesce  on  exposure  to  air,  must  be  dried 
in  vacuo,  removed  quickly  to  a  cell,  the  cover  of  which  must  be  firmly 
cemented  down  at  once.     Some  crystals  may,  however,  be  dried  and 
mounted  in  Canada  balsam ;  others,  such  as  oxalate  of  lime,  phosphate 
of  lime,  many  carbonates,  &c.,  can  be  well  preserved  in  aqueous  solu- 
tions, containing  a  little  acid.     Crystals  which  contain  water  of  crystal- 
lization must  be  preserved  in  a  drop  of  the  mother-liquor ;  but  in  many 
instances  they  alter  much  in  form,  and  when  -we  come  to  examine  them, 
instead  of  finding  the  great  number  of  small,  well-formed  crystals,  which 
were  present  when  the  preparation  was  first  put  up,  nothing  remains  but 
one  or  two  large  ill-shaped  ones.    The  concentrated  mother-liquor  often 
acts  upon  the  cement  with  which  the  glass  cover  is  fixed  on  the  cell,  and 
very  soon  air  enters,  and  so  the  preparation  is  destroyed.    Many  crystals 
tnaj  be  preserved  in  strong  glycerine  without  much  change  taking  place. 
I  have  some  crystals  of  Guinea-pig's  blood  which  have  been  preserved 
for  many  years  in  this  medium  and  have  undergone  little  change. 

Of  the  Hardening  Properties  of  Chemical  Solutions. 

Sif.   •rthe  Hamcnliis  Propertlea  of  Dlffiereiit  Chemleml  Solntlsiu. 

— The  consistence  of  many  tissues  is  so  soft  -that  it  is  absolutely  impos- 
sible to  obtain  a  thin  section  ;  while,  by  tearing  off  a  small  piece,  the 
relations  of  the  component  parts  is  usually  so  much  altered,  that  the 
specimen  is  useless  for  the  purpose  of  examination.  In  this  case  our 
only  chance  is  to  harden  the  texture  by  some  reagent  in  such  a  manner 
that,  although  its  microscopical  characters  are  not  altered,  a  thin  section 
tuay  be  readily  obtained. 

The  solution  employed  for  hardening  a  tissue  will  depend  upon  the 

character  of  the   texture  itself.     Many  tissues  may  be  immersed  in 

alcohol,  others  may  with  advantage  be  soaked  in  a  weak  solution  of 

chromic  acid.    Various  saline  solutions  are  also  sometimes  employed, 

but  in  consequence  of  the  alteration  they  produce,  and  the  deposit  they 

sometimes  form  in  the  interstices  of  the  tissue,  they  are  by  no  means 

well  adapted  for  hardening  textures  from  which  microscopical  specimens 

are  to  be  made.     Nitric  acid  and  a  solution  of  perchloride  of  iron  have 

lieen  employed  for  hardening  some  tissues,  but  they  are  not  generally 

«     suitable.     Tissues  which  are  rendered  too  opaque  for  minute  examina- 

I    tioa  by  the  hardening  process  should  be  soaked  in  syrup  or  glycerine 

■    BDtil  sufficiently  transparent,  or  a  little  solution  of  caustic  soda  or 

m  /wtash  may  be  added  to  the  section. 
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The  hardening  properties  of  the  solutions  referred  to,  depend  upon 
their  power  of  coagulating  albuminous  substances,  and  in  the  majorily 
of  instances  the  coagulation  is  associated  with  a  certain  opacity  which 
renders  the  satisfactory  exiimination  of  the  tissue  by  transmitted  light 
impossible,  and  as  1  have  before  hinted,  it  is  absolutely  necessary  to 
render  such  a  specimen  transparent  after  the  thin  section  has  been 
obtained.  It  is  obvious  that  before  we  submit  many  soft  structures  to 
microscopical  examination,  we  ought  to  consider  what  chemical  sub- 
stances are  likely  to  harden  them  in  the  most  advantageous  manner  fw 
cutting  thin  sections,  and  further,  if  by  the  process  employed  the  section 
becomes  opaque,  we  should  further  consider  how  transparency  may  be 
restored.  The  chemical  nature  of  the  substance  to  be  examined,  its 
physical  properties,  its  refractive  power,  and  its  chemical  composition, 
are  points  therefore  with  which  it  is  most  desirable  eveiy  microscopic 
observer  should  be  acquainted  before  he  commences  any  special  inves- 
tigation. 

I  have  succeeded  in  rendering  the  tissues  of  the  embryos  of  mam- 
malian animals  so  transparent  that  the  smallest  ossific  p>otnts  can  be 
seen  as  soon  as  a  trace  of  calcareous  matter  is  deposited  in  the  temporary 
cartilages.  To  displace  such  bony  points  at  this  early  period  by  dissec- 
tion would  be  a  work  of  immense  labour,  and  at  the  best  the  results 
would  be  very  imperfect  Instead,  however,  of  proceeding  in  this  way, 
if  we  simply  soak  the  entire  organism  in  the  alkaline  solution,  eve^ 
centre  of  ossification  will  become  beautifully  distinct.  The  preparation 
is  made  as  follows  : — In  the  first  place  sufficient  alcohol  to  receive  it  is 
to  be  treated  with  solution  of  soda  in  the  proportion  of  from  ten  to 
twenty  drops  to  the  ounce.  Next,  the  embryo  is  to  be  carefully  sus- 
pended in  the  solution  by  a  silk  thread,  and  allowed  to  remain  in  the 
alkaline  fluid  for  three  or  four  days,  or  until  it  is  so  transparent  that  we 
can  clearly  see  the  ossific  points  in  its  bones.  When  this  action  has 
taken  place,  the  embryo  is  to  be  removed  and  preserved  pennanenlly 
in  weak  spirit  I  have  a  beautiful  preparation  of  this  kind  which 
retained  its  characters  for  upwards  of  ten  years.  The  principle  of  the 
action  of  the  fluid  may  be  thus  explained : — alcohol  alone  tends  to 
coagulate  albuminous  textures  and  render  them  opaque,  while  at  the 
same  time  it  hardens  them.  The  alkali,  on  the  other  hand,  will  render 
the  tissues  soft  and  transparent,  and,  if  time  were  allowed,  would  com- 
pletely dissolve  them.  These  two  fluids  in  conjunction  harden  the 
texture,  and  at  the  same  time  make  it  clear  and  transparent  Many 
soft  tissues  may  thus  be  hardened  sufficiently  to  enable  us  to  cut  very 
thin  sections.  Preparations  of  this  kind  show  how  much  may  be  effected 
by  the  use  of  very  ordinary  chemical  reagents.  By  this  simple  process, 
a  laborious  minute  dissection  which  would  occupy  many  days  is  avoided, 
and  there  is  no  chance  of  losing  some  of  the  small  ossific  points,  while 
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the  structures  are  displayed  far  more  distinctly  than  they  could  be  by 
following  any  other  method  of  preparation. 

Doubtless  many  other  fluids  well  adapted  for  the  purposes  of  inves- 
tigation will  yet  be  discovered,  and  I  strongly  recommend  observers  to 
take  up  this  branch  of  enquiry  and  endeavour  to  establish  new  methods 
of  preparing  textures  which  shall  render  their  minute  structure  clearly 
demonstrable. 


ON  SPECTRUM  ANALYSIS. 

By  H.  C.  SORBY,  F.R.S.,  &c. 

lis.  Tke  speetrnm  Mlcroicope. — Spectrum  analysis,  as  applied  to 

the  microscope,  must  not  be  confounded  with  that  branch  of  the  subject 

which  has  yielded  such  admirable  results  in  the  hands  of  Bunsen, 

iCiichhoflf,  and  other  physicists.     In  that  method  of  analysis  it  is  the 

number  and  position  of  the  narrow  bright  lines  or  bands,  into  which  the 

li^ht  of  the  incandescent  body  is  divided  by  the  spectroscope,  that 

citable  the  experimenter  to  identify  each  different  substance.     It  is,  in 

{sx.ct,  the  analysis  of  the  emitted  light,  whereas   in  spectrum  analysis 

3.j>plied  to  the  microscope,  it  is  the  analysis  of  light  which  has  been 

modified  by  transmission  through  the  substance  under  examination,  and 

\X  is  the  absence,  and  not  the  presence,  of  particular  rays  which  makes 

the  spectra  characteristic  of  different  substances.     In  this  respect  it  is 

more  analogous  to  spectrum  analysis  as  employed  in   studying  the 

chemical  nature  of  the  atmosphere  of  the  sun  or  stars,  as  illustrated  by 

the  researches  of  Kirchhoff,  Miller,  and  Huggins,  but  the  principles 

involved  are  materially  different.    The  absorption  bands  in  such  cases 

are  narrow,  sharply  defined  lines,  characteristic  of  absorption  by  gases, 

whereas  those  which  play  such  an  important  part  in  researches  with  the 

spectrum  microscope  are  usually  broad,  gradually  shaded  off  on  each 

side,  and  only  in  a  few  cases  so  narrow  and  sharply  defined  as  to  vie 

irith  some  of  the  broader  dark  lines  in  the  solar  spectrum.* 

Confining  then  our  attention  to  spectrum  analysis  as  applied  to 

solid  and  liquid  substances,  it  may  be  said  that  the  object  of  our 

'■^Searches  is  to  distinguish  substances  by  their  colour,  studied  in  the 

•DOst  accurate  and  scientific  manner.     Colour  alone  is,  of  course,  often 

"J^cie  use  of  as  a  criterion    in  qualitative  chemical  analysis,  and  is 

^ti-emely  characteristic  of  particular  substances,  even  when  seen  in  the 

*""<iinary  manner;  but  when  more  accurately  studied  by  means  of  the 

•  Thoog^  I  was  the  firet  to  publish  a  paper  on  spectniin  analysis  applied  to  the 

"'^sxoscope,  after  having  made  use   of  it   in   various   researches   for  nearly  a  year 

^^^aarterly  Journal  of  Science,"  April,  1865,  vol.  II,  p.  198),  yet  it  is   only  fair  to 

^*«thatMr.  Huggins  had  independently  thought  of  such  an  application  ("Trans. 

■^»«=TOScopical  Sot,"  May  i(^  1865).     [H.  C.  S.] 
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sp«Ktroscopc  it  becomes  incompambly  more  characteristic.  The  folonr 
of  a  body,  as  seen  with  the  naked  eye,  is  the  general  impression  made 
by  the  whole  of  the  transmitted  light,  when  all  the  rays  are  mixed 
together,  and  this  total  imprcssinn  may  be  tlie  sami',  though  the  com- 
pound jxins  may  diflfer  in  a  strilting  manner;  and  thus  many  coloun 
which  appear  almost  absolutely  alike  can  Ik  easily  di&tinguislicd  bjr 
their  spectra.  An  ordinar)'  Hpcclnkscogw  with  small  Ji^jicT^uon  would 
suffice  to  study  many  of  ihe  facts,  and  even  a  prism  and  a  narrow  »)tt  in 
a  card  could  be  employed ;  but  in  order  to  carry  on  the  enquiries  with 
entire  success,  it  is  desirable  to  have  an  instrument  by  mean*  of  which 
spectra  of  minute  quantities  of  material  can  be  examined,  coaifkirrd 
nde  by  side  with  other  spectra,  and  measured  vith  considetahlc 
acoiracy.  All  these  advantages  are  secured  by  means  of  the  spectrum 
apparatus  applied  to  the  microscope,  made  according  to  my  plan  by 
Mr.  John  Browning. 

1  have  constructed  a  binocular  epeclrum  microscope  which  u  tat 
more  convenient  in  chemical  testing,  but  is  not  suited  for  the  eiuuniaa- 
tion  of  any  substance  less  than  -^  a(  aa  inch  in  diameter.  1  ehaO 
therefore  confine  myself  lo  a  description  of  the  single  eye-piece  aiTangc^ 
mcnt  as  being  the  most  simple  and  generally  applicable  Fi^  I, 
|>L  LX\'I,  p.  3;o,  shows  the  more  important  parts  of  the  apparatus.  It 
is  an  eye-piece,  fitting  into  the  tube  of  the  microscope,  having  the  upper 
lens  (e)  made  achromatic.  At  the  focal  |K»int  of  this  lens  (if)  is  fiicd 
ihe  narrow  slit  of  whid\  fig.  a  gives,  as  it  were,  the  ground  plan  ;  and 
this  can  be  made  broader  or  narrower  by  turning  the  head  of  the  sorw 
(d*}.  A  small  rectangular  prisra  (r)  is  fixed  so  as  to  extcjid  over  al>oU 
one-half  of  the  sHt,  and  reflect  the  light  coming  through  an  aperture  ol 
(/)  in  the  stage  attached  to  the  side  of  the  eyepiece,  a&  sliown  in  6g.  i. 
The  other  half  of  the  slit  transmits  the  light  passing  up  the  tuain  body 
of  the  microscojx^  through  the  ordinary  object-glass.  When  ail  is  pro- 
perly arr.ingcd  and  illuminated,  in  looking  through  the  lens  (r),  a  narrow 
line  of  light  can  be  seen,  one  half  the  length  of  which  has  passed  ihnninb 
an  object  placed  on  the  stage  of  the  microscope,  and  the  other  half 
through  any  other  placed  on  (he  side  stage  attached  to  the  eye  fflece ; 
and,  if  itie  |>rism  (<*)  has  been  property  adjusted,  these  two  poniom 
should  appear  perfectly  continuous,  without  any  break  at  llieir  junction  ; 
butifnol  pro[>crly  adjusted  the  line  apjjcars  broken,  and  would  then 
give  false  results  if  the  spectra  were  compared  together.  Care  should 
therefore  be  taken  lo  sec  that  the  adjustment  is  correct.  The  onalyung 
prism  ((J*)  is  compound,  and  fit-s  over  the  cyc-piecc  like  a  long  capi.  It 
consists  of  two  rectangular  prisms  of  flint  glass,  corrected  for  tcfractioa 
by  one  rtctan^lar  prism  of  crown  glass,  and  two  others,  with  angles  of 
about  75°.  This  combination  gives  <lirect  vision,  and  an  amooni  ot 
dispersion  which  is  admirably  fitted  for  the  iiurjKKe  to  which  this  at' 
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stTumeal  »  applied :  atnce  it  is  suffiricnt  to  dividt:  all  )he  absorption 
bonds  seen  in  coloured  solids  and  lii]uids,  an<t  h  not  so  great  as  to 
spread  tbcm  over  too  witle  a  space  and  nuku  them  very  obscure,  as  is 
ihe  case  when  the  dispersion  is  great.  Since  the  light  which  passes 
through  the  opening  at  (/)  is  not  (Spread  out  over  the  same  surface  as 
that  which  passes  through  tlic  ubjcct-gla&$,  it  would  be  far  too  bright, 
unless  modified  by  means  of  a  small  shutter,  opening  and  shutting  with 
a  screw.  In  each  case  this  can  be  easily  adjusted,  so  that  the  light 
from  the  two  sources  is  equal,  or  may  be  ma<ie  to  var)*  for  some  speti.il 
purpose.  There  is  also  a  contrivance  shown  in  fig.  2,  which  enables  us 
to  limit  the  length  of  the  slit ;  so  that  when  very  small  objects  are  ex- 
omiDcd,  no  light  shall  pass  except  that  which  has  come  through  them. 

In  using  the  spectroscope,  a  great  deal  depends  on  the  slit  being 

made  up  of  3  prajwr  width.    If  the  light  be  strong,  it  is  best  to  have 

the  slit  only  ojicned  so  much  as  to  give  a  good  clear  sfKCtrum,  free 

from  the  irregular  shading,  due  to  unavoidable  irregularities  in  the  slit 

itself,  which  may  be  vcr>'  conspicuous  if  the  slit  be  wry  narrow.     If  day 

light  be  employed,  and  it  is  only  rather  feeble,  the  slit  should  l>e  made 

wider,  so  as  to  adrail  more  light  ;  Init  then,  if  made  too  wide,  the  colours 

of  the  spectrum  lap  over  one  another,  and  become  indefinite.     Much, 

I  however,  ^ould  depend  on  the  nature  of  the  object  under  examination ; 

i,  if  it  gires  rise  to  vcr^*  n.irrow  absorption  bands,  the  slit  should  be 

I  made  narrow  m  order  to  give  good  definition.     As  a  general  ni)e  the 

'  £lic  should  be  of  suefa  a  width  as  10  just  indistinctly  show  the  Fraucn- 

ihoTer  lines  in  daylight     It  m  also  important  to  profierly  adjust  the 

inmll  slit  under  the  side  stage  attached  to  the  eye-piece.     It  should 

lerally  be  made  of  such  a  width  that  the  two  spectra  are  of  equal 

^'.brilliancy,  since  otherwise  the  comparison  would  be  inaccurate. 

It  is  in  all  cases  mot^t  important  that  no  Ilgbe  should  pass  up  the 

LmicrDSCf^ic,  that  has  not  actually  [>a$sed  1hroug,h  the  substance  imder 

|«xwnination.     If  Ihe  object  is  siimll,  unmodified  light  passes  on  each 

tide,  and  this  is  rcfleclcd  from  the  front  of  the  object-glass  down  on  the 

[object  and  bacic  again  through  the  lenses  without  traversing  its  sub- 

'  stance  ;  and  thus  an  entirely  false  spearum  may  be  obtained,  cs|)ccially 

if  the  subsL-incc  is  dark  coloured.    This  can  easily  be  avoided  by  having 

tube  to  fit  over  the  object-glass,  see  fig.  6,  pi.  LXVIl,  which  has  a  stop 

^at  the  end  witli  a  bole  in  the  centre  {a)^  of  such  a  width  as  not  to  limit 

the  fteld  of  the  microscope,  placed  at  such  a  distance  as  to  be  within 

the  focal  lei^th,  so  as  to  approach  but  not  to  touch  Ihe  object  when  it 

is  in  focus.     For  a   i^inch  object-glass  the  opening  should  be  about 

^  inch.    Such  a  stop  is  also  very  usefiil  in  ordinary  microscopical 

obsecrations,  when  it  is  desirable  to  have  no  reflected  light,  and  shows 

incomparaUy  betrer  the  true  colour  uf  d.irk  objects. 

Recent  improvements  have  been   made  by  Mr.  Sorby  and  Mr. 
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Browning,  by  which  "  every  line  or  band  in  a  spectrum  when  being  mea- 
sured is  brought  into  the  centre  of  the  field  of  view.  The  jaws  of  the 
slit  open  equally,  so  that  whatever  their  width  may  be,  the  zero  remains 
unchanged.  The  micrometer  is  self-registering,  and  whole  turns  c^the 
micrometer  screw,  as  well  as  fractional  parts,  can  be  read  off  at  the  same 
time  by  inspection."  The  improved  micro-spectroscope  may  be  used 
for  opaque  as  well  as  for  transparent  objects,  and  by  its  mean%  two 
spectra  can  be  compared  at  the  same  time  with  one  lamp.  MofCOfci; 
the  spectrum  of  the  smallest  object,  or  a  particular  part  oi  any  olijecl 
may  be  obtained  without  difficulty.  The  most  minute  quantity  of  1 
adulterations  of  various  kinds,  and  many  substances  in  the  fluidt  i 
tissues  of  animals,  and  in  the  juices  and  soft  parts  of  plants,  on  lie 
detected  with  certainty.  The  new  micro-spectroscope  is  represented  m 
pL  LXVI,  fig.  3.  The  instrument,  with  the  latest  improTementi  and 
all  the  apparatus  required,  may  be  obtained  of  Mr.  Browning,  63,  Stnnd, 
London. 

Having  said  so  much  with  reference  to  the  instrument,  it  will  be 
well  to  describe  the  manner  of  preparing  and  viewing  the  objects ;  and 
this  will  be  better  understood  if  we  first  consider  some  of  the  genend 
principles  involved  in  this  branch  of  research. 

silt.  »f  ExamlnlnK  ObJccU  In  the  Spectmni  MIcreiwpe. — Havil^ 
properly  arranged  the  instrument,  if  nothing  intervenes  to  interfere  with 
the  white  light  employed  for  illumination,  of  course  a  simple  and  con- 
tinuous spectrum  is  seen,  with  all  the  colours  from  the  extreme  red  tti 
the  extreme  blues  and  lavender;  and,  if  a  perfectly  colourless  and  trans- 
parent substance  be  placed  in  front  of  the  object-glass,  no  effect  what- 
ever is  produced,  and  thus  so  to  speak,  all  colourless  bodies  give  the 
same  spectrum  and  cannot  be  distinguished  by  means  of  their  spectra. 
Coloured  bodies  are,  however,  those  which  are,  as  it  were,  black  and 
opaque  for  certain  rays,  not  allowing  them  to  pass  forward  as  light,  but 
probably  transforming  them  into  heat  or  some  other  kind  offeree:  ind 
on  placing  such  a  substance  in  front  of  the  instrument  its  presence  il 
shown,  not  by  the  light  which  is  still  transmitted,  but  by  that  whidi  it 
cu/s  off.  It  is,  therefore,  more  simple  and  accurate  to  take  into  con- 
sideration the  characters  of  the  absorbed  than  of  the  transmitted  rays, 
and  in  fact,  the  whole  subject  of  qualitative  analysis  by  means  of  the 
spectrum  microscope,  is  founded  on  the  relation  between  different  sub- 
stances and  particular  rays  of  the  spectrum  which  they  absorb,  or  so 
alter  that  ihey  no  longer  pass  forward  as  light  Unfortunately,  it  is  not 
every  substance  which  gives  such  a  spectrum  that  its  true  nature  can  be 
recognised  at  once,  but  many  are  of  such  a  character  that  they  could 
not  be  confounded  with  any  other  yet  known.  These  are  those  which 
absorb  the  light  in  narrow  and  well-defined  portions  of  the  spectrum,  so 
as  to  give  spectra  with  one  or  more  definite  black  bands.     The  number, 
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jtoaaaa,  vidth,  and  intensity  of  these  ahterptiim  bands  are  the  most 
inipoitailt  data  on  which  to  form  an  o[iinion  respecting;  the  nature  of 
the  substance  under  examination.  It  inu:it  not  be  thought  that  these 
bonds  bear  anjr  relation  to  the  elcn»entar>*  constituents  of  the  substince 
— the;  are  iDcrety  related  to  it  as  a  definite  compound  in  a  particular 
ph^r&tcal  condition,  and  amy  vary  according  to  its  state.  For  example, 
rtiey  often  vary  for  the  same  substance,  when  solid  or  in  solution  ;  and 
rrcn  according  to  the  nature  of  the  solvent,  be»dcs  being  greatly  raodi- 
l«3  by  the  presence  of  free  acids  or  alkalies. 

Tig.  3.  pL  LXVII,  p.  27  2,  gives  a  fe^^•  speara,  to  illustrate  the  general 
-I'Vijcct.     They  are  all  of  red  or  pink  colours. 

A  i«  an  indefinite  spectrum,  yielded  by  Tcry  many  different  sub- 
stADces,  having  a  general  absorpdon  over  the  green,  with  no  narrow 
3  f  sorption  band. 

B  is  the  spectmm  of  a  solution  of  logwood  in  water,  to  which 
bicarbonate  of  ammonia  has  been  a<I{]ed,  and  C  is  the  same  in  the  case 
of  Broul  wood ;  and  the  difference  between  tlie  two  is  shown  by  the 
cUJTcnot  position  of  a  single  well-defined  absorption  bond. 
D  is  the  spectiuro  of  fresh  blood. 

£  i»  the  spectrum  o(  alkanet  root  in  alum  with  a  little  alcohol. 
F  is  the  spectrum  of  dcoxidir^d  ammoniacal  hxmatine. 
These  three  show  very  well    how  clastly  related  s[>cctra   may  be 
itly  distinguished  by  the  different  position  and  relative  width  and 
Lness  of  the  bonds. 

Many  coloured  sulvittanrcs  give  spectra,  which  do  not  enatile  us  to 
jdecidc  with  confidence  what  they  are.  Perhaps  some  half  dozen  sub- 
ices  may  be  known  which  would  give  the  same  result,  and  this 
may  only  serve  to  indicate  to  what  group  the  colour  belongs; 
[but  c\-en  then,  !iuppo:ung  it  be  a  solution,  the  addition  of  some  reagent 
ly  at  oDce  show  which  particubr  substance  is  present.  For  example, 
•lulions  of  Magenta  and  Brazil  wood  both  give  a  single  well-defined 
kbsorpiion  band  in  the  same  position,  in  the  upper  part  of  the  green, 
It  ammonb  produces  no  change  in  Magenta,  and  grc-ii  change  in  the 
iBrazil  wood.  Sulphate  of  soda  then  immcdialely  makes  the  Magenta 
liourless,  bat  docs  not  change  the  Bnuil  wiiod  except  by  gradital 
ling  and  decomposition,  tt  is,  however,  e.xtremdy  difficult  to  dis- 
;inguish  tome  substances,  especially  when  mixed  with  other  colours ; 
It  still  by  suitable  methods  many  can  be  recognised  without  difficulty 
most  unpromi-Mng  conditions.  This,  howo'er,  is  more  a  (juestion 
trcsui^e  on  qualitative  analj-sis  by  means  of  the  spcclnjm  micro* 
ifiCr  than  lor  one  on  the  infiimracnt  itself  and  the  manner  of  using 


Ii  mtrat  not  be  thought  that  an  indcHniie  quantity  of  any  substance 
rill  give  a  characteristic  result     If  too  little  is  present,  nothing  definite 
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can  he  seen  ;  and,  if  there  is  too  much,  the  mosJ  chftracleri. 
the  speciruin  roay  be  entirely  obscured.      For  cxainpU 
gives  two  remarkably  weltdcfincd  alvHw^iiion  bands  in  ihe  uppo 
the  green ;  but,  if  too  little  ts  ]ireseni,  liiese  bands  are  very  U 
if  too  murh  is  present,  aJI  the  light  is  absorbed,  except  the] 
orange,  so  that  the  bands  cannot  be  seen  at  all.     In  every  cose  | 
amount  of  colour  gives  the  best  a-sult ;  and  Chough  at  first  f 
apjicar  ditTictdt  to  arrange,  yet  after  a  little  expeheace  there  is  i 
difficulty,  especially  if  we  make  use  of  such  small  cells  as  are 
])1.  LXVH,  fig.  4.    These  are  cut  from  barometer  tubes  ;  and  I 
tlicmost  convenient  sizes  are  J^  inch  long,  i-xthinrh  in  internal, 
what  under  J^  inch  in  external,  diameter.  These  arc  ground  (1 
end  and  attached  with  Cflnad-i  babiam  near  one  edge  of  a  gl 
so  that  they  may  be  examined  either  end-ways,  by  laying  the  | 
on  the  stage  of  the  microsccqie,  or  side-wayn,  by  leaning  t) 
against  the  side  of  the  object-glass.     If  then  the  colour  h  too 
the  line  of  the  lengUi,  the  lube  can  be  turned,  so  that  it 
examined  side-ways,  which,  being  equi\'alent  to  using  ^tb  the' 
we  can  easily  judge  what  amount  u-ould  show  the  mostfwrfects 
The  cells  should  be  cither  filled  level,  or  covered  with  a  piwfi 
glass.     If  the  diameter  of  these  cells  be  less  than  ^^ih  of  an  a 
difficult  to  fill  and  empty  them  ;  and,  if  much  wider  than  | 
liipiid  is  apt  to  run  out  when  they  arc  turned  over;  but  when  \ 
1  ^th  wide  iht-y  are  easily  filled  and  not  a  drop  of  liquid  is  lost  n 
they  are  turned  upside  down.      Almost  all    kinds  of  testing 
carried  on  in  these  cells,  and  they  may  be  easily  washed  out  b 
of  a  small  stream  of  water  blown  out  of  an  ordinar)-  chemiq 
bottle,  pi.  XXVI,  p.  100,  fig.  5.    Solid  or  liquid  reagents  can  I 
ndded  and  stirred  up  by  means  of  a  moderately  stout  platiiu 
flattened  at  one  end,  and  turned  up  square  like  a  nnall  hoc     1 
advantage  of  these  cells  is  that  a  very  small  quantity  of  td 
reijuircd   (which  is  most  important  in  some  investigations)] 
some  purjjoses  onlinary  test-tubes  are  very  useful,  and  cspe 
place  on  the  stage  attached  to  the  cyc-piccc  and  compare  win 
on  the  stage  ef  the  microscope;    These  can  be  examined  oa 
sides,  and  the  colour  must,  therefore,  be  diluted  so  as  to  sho' 
s[>cct™m.     Wedge-shaped  cells  like  fig.  7,  pi.  l.XVII,  are  al 
order  to  study  the  etTccts  of  difierent  thicknesses  of  solutkiDs. 
which  do  not  materially  change  on  keeping  some  time  may  be' 
in  tulies,  sf^  fig.  8,  about  X-inch  in  diameter  and  3  inches  I 
up  tliU  at  tlie  bottom,  and  drawn  out  capillary  at  its  top,  leavi: 
0]>cning  through  which  the  liquid  may  be  introduced  by 
air  pump,  .nnd  afterwards  sealed  up  with  the  blow  pijje.     M 
salts  can  thus  be  kept  for  an  indefinite  period ;  and  even  m. 
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[nd  vegetable  colours  can  be  kept  for  a  year  or  more  always  ready  for 
lamination. 
»%0,  Exaailnatlan  of  Blsw-plpe  Bcmds  and  floluttons  In  Cells. — 

he  coloured  beads  obtained  by  ordinary  blow-pipe  testing,  can  easily 
examined  by  the  spectrum  microscope ;  and  in  some  cases,  give  very 

isfactory  results.    Some  crystals  also  are  excellent  objects,  and  give 

Icing  spectra.  It  is  easy  to  select  such  as  give  the  best  result,  or  to 
them  wedge-shaped,  and  thus  examine  the  effect  of  different  thick- 

ses.     Coloured  glasses  cut  wedge-shaped  are  also  very  interesting, 

1  are  useful  to  compare  with  blow-pipe  beads ;  but  for  actual  research, 
branch  of  the  subject  is  so  satisfactory,  as  the  testing  of  minute 

DLTitities  of  animal  and  vegetable  substances  in  the  small  cells.  This 
:liides  the  detection  of  blood-stains,  which  can  be  done  with  great 
se  and  certainty  ("Quarterly  Journal  of  Science,"  vol   II,  p.    rgS) ; 

2  detection  of  adulteration  in  drugs  and  other  substances  met  with  in 
imnerce ;  and  the  determination  of  the  identity  of,  or  the  difference 
itween,  the  very  numerous  colouring  matters  met  with  in  plants.  In  a 
unber  of  such  practical  questions,  special  methods  may  be  employed 
ith  advantage ;  but  in  examining  an  unknown  colouring  matter,  it  is 
ell  to  adopt  a  definite  system,  so  as  to  be  able  to  decide  to  what  par- 
™lar  group  it  belongs.  After  a  large  number  of  experiments,  I  found 
lat  it  is  easy  to  arrange  them  in  divisions  founded  on  their  solubility  in 
ater  or  alcohol    Thus — 

Division. 
Soluble  in  water  and  not  precipitated  by  alcohol       ...      i 
Soluble  in  water  but  precipitated  by  alcohol  ...     2 

Insoluble  in  water  but  soluble  in  alcohol       3 

Insoluble  in  water  and  alcohol  4 

den  we  may  divide  1,  2,  and  3,  into  groups,  founded  on  the  action  of 
Iphite  of  soda.    The  effect  of  this  reagent  is  very  remarkably  related 

the  spectra.  If  the  absorption  extends  from  the  blue  end  con- 
luously,  it  produces  no  change,  but  if  there  is  a  detached  absorption 

the  green  or  yellow  separated  from  the  blue  end  by  a  more  trans- 
rent  space,  the  sulphite  in  certain  groups  of  colours  removes  this,  and 
ives  the  absorption  in  the  blue  unchanged.  In  some  colouring 
^.tters  this  occurs  in  an  ammoniacal  solution,  and  these  constitute  my 
3up  A,  In  others,  no  such  change  takes  place  unless  the  solution  be 
'Ongly  acid,  and  these  form  my  group  B.  This  is  usually  quite 
dependent  of  decomposition,  and  the  colour  is  restored  by  the 
dition  of  ammonia.  Those  colours  which  are  not  immediately 
ered  when  the  solution  is  acid,  constitute  my  group  C.  By  the^e 
ictions,  mixtures  of  colours  of  the  different  groups  can  easily  be 
-ognised ;  and  this  alone  may  often  be  of  great  practical  use.    Then, 
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Not  «t  all  abaded  Blank  space. 

Voy  slightly  shaded  .  .  .  Dots  with  wide  spaces. 

Decidedly  shaded  .  . .  Dots  closer  together. 

More  shaded  ....  Very  close  dots. 

Strongly  shaded,  but  so  that ' 

a  tiace  of  colour  is  still  V  •  -  -  Three  hyphens  close. 


so  that] 
is  still  y' 


Still  daiker                                            —    Single  dash. 
Neaily  black  Double  dash. 

Except  when  specially  requisite,  only  the  symbols  ... are 

employed  for  the  sake  of  simplicity,  and  then  as  signs  of  the  relative, 
nther  than  of  the  absolute,  amount  of  absorption ;  and  it  is  assumed 
thit  there  is  a  gradual  shading  off  from  one  tint  to  the  other,  unless  the 
contiaiy  is  expressed.  This  is  done  by  means  of  a  small  vertical  line 
orer  the  figure  (see  No.  11,  p.  278)  which  shows  that  there  is  a  well- 
maAed  division  between  them.  Definite  narrow  absorption  bands  are 
indicated  by  •  printed  over  their  centre.  This  will  be  better  understood 
bjT  a  description  of  the  spectrum  of  deoxidized  hzematin : — 
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The  following  examples  will  show  how  simple  or  more  complicated 
flWctra  may  thus  readily  be  printed  and  compared.  I  have  chosen 
wktiona  of  similar  tint,  in  order  to  show  that  the  spectra  of  those  of 
•^wly  the  same  colour  may  be  very  different,  or,  if  analogous,  may  differ 
Ml  details,  easily  expressed  by  the  symbols.  The  colour  of  each  is  given 
^the  name.  Nos.  r,  8,  9,  10,  11,  12,  and  13  can  be  kept  for  a  long 
""le,  sealed  up  in  tubes,  and  the  rest  are  easily  prepared.  In  each  case 
"*  spectra  are  those  seen  with  solutions  of  such  a  strength  as  gives  the 
""W  decided  results,  and  shows  the  presence  or  absence  of  absorption 
'"nds  to  the  greatest  advantage  :— 
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1.  Cudbear  in  alum.  (Pini)         3 *         H.— 

2,  Colour  of  elder  berries  with  1      ^        ,1 g     ,  _  , , 

citric  acid.  (/l^J'injt)i     4.-5»-»       9.-." 

3,  Brazil  wood,  with  bicarbonate  1       .i_^e»  R 

of  ammonia.  [J^ni]  J     **~5I " 

4.  Logwood,  with  bicarbonate  of  1     -»  *  -i  t 

ammonia.  [J^ni)  /     3<     5> 7 

The  next  four  are  spectra  of  blood,  produced  by  the  successive  addi- 
tion of  the  various  reagents,  as  in  detecting  fresh  stains : — 

5.  Fresh  blood.       (Palt  &arld)        3*— 4*        4^  —  51        7  •  •  8  " "  9- 

6.  Citric  acid  then  added.  1      ii     *    2+    a  S       q lO— 

7.  Ammonia  then  added._  1      31 .  *,  4I    it..*.  5I    7..8---10— 


(Pa/e  Brawn] 

8.     Deoxidized    hsematin,     from  1 
blood  stain  2  yis.  old.  {/^'ni)  J 


4*  — S      5*-*.6i      9--*o---'»- 


With  these  may  be  compared  the  two  spectra  which  more  nearijr 
resemble  those  produced  by  blood  than  any  I  have  yet  seen  : — 

9.  Cochineal  in  alum.         (Pini)         3I— 4J  .  .  .  54  -  -  -  61  •  •  •  7l 

ta  Alkanet  root  in  alum,    (/^ni)        3^  —  4}        5i  -  ■  •  5^ 
The  following  spectra  of  compounds  derived  from  chlorophyll,  aie 
as  complicated  as  any  I  have  met  with : — 


II.  Normal  chlorophyll  1 


* 


in  alcohol  J-     J  — 2|---3*-— 4l    6}  .  •  -  7t— 

{Dixp  Green)  J 


iz.  Ditto,  as  decom-' 
posed  by  acids,  or 
as  found  in  some 
leaves. 

(Olive  Green) 

13.  Ditto,  as  decom-' 
posed  by  caustic 
potash,  and  then 
by  hydrochloric 
acid. 
{Jied-Green,  Neu- 
tral Titti)^ 


i-2i  2i-*-3i  4l .  .  Si  -*-  Si  •  -  61-*-  7i  81  -  --9l- 


i-i    li-il    ii-2l    4*"-5t-..9--io— 


In  many  cases  the  position  of  the  centre  of  the  absorption  bands  is 
very  characteristic  of  the  different  substances,  and  we  may  easily  express 
their  differences  by  writing  the  division,  group,  sub-group,  and  position 
of  the  bands,  in  the  following  manner  : — 

Purple  pansy     i,A,aqo  ami  (4)- 
Brazil  wood       i,C,aqi  (5^). 
Logwood  i,C,aqi  (4I). 

These  signify  that  the  colour  of  the  purple  pansy  is  soluble  in  water 
and  not  precipitated  by  alcohol — that  sulphite  of  soda  removes  the 
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bsorprion  band  when  added  to  the  ammoniacal  solution — that  there  is 
V)  absorption  band  in  the  neutral  solution,  but  that  on  adding  ammonia 
a  single  absorption  band  is  developed,  whose  centre  is  at  4.  In  the 
'ase  of  Brazil  wood  and  logwood,  they  signify  that  the  colour  is  also 
soluble  in  water  and  not  precipitated  by  alcohol — that  sulphite  of  soda 
has  no  action  on  either  an  acid  or  alkaline  solution — that  in  each  there 
IS  a  single  absorption  band  in  the  neutral  aqueous  solution,  situated  in 
different  positions  in  the  two  colours,  as  shown  by  B  and  C,  fig.  3, 
pl.LXVII,  p.  272. 

I  trust  that  this  brief  description  will  show  that  in  practical  working 
1  great  deal  may  be  easily  expressed  by  very  simple,  symbols.  We  may 
won  decide  to  which  group  and  sub-group  any  colour  belongs ;  and,  if 
re  had  a  table  of  various  known  colours,  arranged  according  to  these 
finciples,  we  might  often  soon  ascertain  its  true  nature.  Of  course 
here  are  many  points  requiring  special  attention,  which,  as  already  re- 
narked,  more  strictly  belong  to  chemistry  than  to  a  work  on  the  micro- 
fcope ;  and  therefore  I  have  confined  myself  merely  to  an  account  of 
some  of  the  leading  principles  involved  in  this  method  of  qualitative 
analysis. 

Sn.  Sabstttncca  slvinv  well-marked  Absorption.  Bands. — The  fol- 
lowing is  a  list  of  some  objects,  giving  more  or  less  well-marked  absorp- 
tion bands,  which  can  easily  be  prepared  for  examinarion  :.— 

To  be  examined  at  once,  not  keeping  well  when  diluted,- 
Blood  in  water. 
Magenta,  in  water  or  alcohol.- 
Mauve  in  alcohol 
Aniline  blue  in  alcohol. 

Brazil  wood  in  water  alone,  and  mth' bfcarbonate  ofammonix 
Ixjgwood  ditto  ditto. 

Blue  Lobelia  flowers  in  water. 

Keeping  weltjor  many  months. 

Deoxidized  ammoniacal  haematin  in  water. 

Alkanet  root  in  alcohol,  with  a  little  acetic  acid. 

Alkanet  root  in  alum,  with  a  little  alcohol. 

Colour  of  red  Cineraria  flowers  in  syrup. 

Cochineal  in  vater. 

Cochineal  in  alum. 

Chlorophyll  in  alcohol. 

Chlorophyll  in  alcohol,  with  a  little  hydrochloric  acid. 

Keeping  well,  probably  for  an  indefinitely  long  time. 

Permanganate  of  potash  in  water,  sealed  up  in  a  tube  of  glass 

which  contains  no  lead. 
Urano-uranic  sulphate  in  water. 
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Chloride  of  cobalt  in  water. 

Chloride  of  cobalt  in  a  strong  aqueous  solution  of  chloride  i    "'^■i 

calcium. 
Chloride  of  cobalt  in  absolute  alcohoL 
Crystals  of  binoxalate  of  chromium  and  potash. 

„  perchlorate  of  potash  coloured  with  a  little |iiiiiiii   ^ 

ganate  of  potash. 

„  native  phosphate  of  uranium. 

„  acetate  of  uranium. 

„  chloride  of  cobalt 

„  binoxalate  of  chromium  and  soda. 


sna.  On  colonrtns  Hatten  •€  Plantt. — Mr.  H.  B.  Sorby  has 

cently  studied  the  changes  that  occur  in  the  colouring  matters 
leaves  and  flowers  of  certain  plants,  and  has  pointed  out  the  reladcHi  of 
the  changes  in  question  and  the  action  of  light  during  their  develO']t>- 
ment    When  more  developed  under  the  influence  of  l%ht,  co!oaie=^ 
compounds  are  formed  whidi  are  more  and  more  easily  decsmpos^sd 
by  the  action  of  light  and  air.     There  seems  to  be  some  condition    s.ii 
living  plants  which  reverses  the-reactions.     Mr.  Sorby  also  found  thit  "Kn 
the  more  rudimentary  State  of  the  leaves  of  the  highest  classes  tS~>e 
colouring  matters  correspond  with  those  found  in  lower  classes.    la  tSse 
case  of  the  petals  of  flowers  the  more  rudimentary  condition  of  the  com- 
pounds is  often  found  to  correspond  with  those  of  some  other  variety, 
and  to  be  due  to  a  naturally  arrested  development  of  a  particular  ki^<l. 
The  greater  prevalence  of  flowers  of  particular  colours  in  tropical     or 
colder  regions  and  at  difl'erent  elevations  may  perhaps  be  explaii&.^:<J 
upon  these  principles.     Since  the  eff'ect  of  the  various  rays  of  light       is 
difl'erent,  it  becomes  a  question  of  much  interest  to  decide  whether   stn 
alteration  in  the  character  of  the  light  of  the  sun  would  produce      a 
somewhat  different  effect  in  the  case  of  other  classes  of  plants  in  whi<:li 
the  fundamental  colouring  matters  differed  ;  whether,  for  example,  li^lit, 
with  a  relative  greater  amount  of  the  blue  rays,  might  not  be  relativ«2ly 
more  favourable  to  the  cryptogamia  than  to  the  flowering  plants.       So 
far  this  is  a  mere  theoretical  deduction ;  but,  if  proved  to  be  true    bv 
experiment,  it  may  at  all  events,  assist  in  explaining  the  differences  ii 
the  character  of  the  vegetation  of  our  globe  at  an  early  epoch,  when 
l^erhaps  our  sun  was  in  a  different  physical  state  to  that  which  now 
exists,  and  the  light,  perhaps,  more  similar  to  that  of  Sirius  and  other 
stars  of  the  higher  and  bluer  type. 

S22b.  New  Colonrlny  Matter  developed  by  UtIiib  Orsaalaau, 
kItIds  very  pecnllar  Spectrum  Bands. — Mr.  Sheppard  {seg  letter  to  the 
Rev.   J.  B.  Reade,  "  Microscopical  Journal,"  July,  1867,  p.  64)  dis- 
covered that  a  velvet  like  film  found  on  stones  lying  beneath  the  sur6c:< 
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of  wata,  containing  oscillatorix,  confcn'Otdex,  and  other  fonns,  de- 
Ktoped  a  bright  red  tint  after  it  had  remained  for  tweuty-foui  hours 
upf^n  a  piece  of  greasy  paper.     Upon  further  investigation  it  was  dis- 
covered that  a  portion  of  the  film  when  mixed  with  white  of  egg,  diluted 
tiih  a  little  water  and  left  to  stand  for  a  night,  gave  rise  to  a  solution 
of  the  colour  of  magenta  d)-e. 

This  remarkable  colour  is  due  to  the  action  of  some  living  orgtmisms 
upon  the  albumen  which  becomes  less  tenacious  in  consequence-  The 
colour  is  not  develo|>ed  when  the  vegetable  organisms  have  become 
sule.  htoicover  tlie  colour  dii^apjicars  when  dccom|)Osition  of  the 
albuminous  fluid  takes  place.  The  coloured  albuminous  solution  was 
iicArck.     It  appealed  red  by  reflected,  and  blue  by  transmitted  light 

This  coloured  albuminous  fluid  is  the  only  blue  fluid  known  to 
Mr.  Sort)y  which  gives  particular  bands.  Mr.  Browning  describes  the 
spectrom  as  follows: — "Commencing  at  the  least  refrangible  or  red 
**>d  of  the  sjH.-clrum,  we  find  it  cuts  pretty  sharply  a  short  piece  of  the 
•sxtTcme  led.  I'hen  we  have  a  strong  absorption  band  abo  in  the  red, 
corresponding  to  a  ^  of  the  twelve  lines  pven  by  Sorb)''s  standard  iti- 
**^crcncc  spectrum  (pi.  LXVIJ,  p.  373,  fig.  5).  A  second  absorption 
«nd  in  the  green  commences  at  line  4,  and  tones  off  gradually  into  the 
•pectrumjust  beyortd  line  5." 

The  ipectium  of  the  fluid  viewed  by  reflected  light  was  found  by 
^'-  Browning  to  be  very  different  from  the  one  by  transmitted  light  just 
'^scribed.  "A  much  larger  portion  of  the  red  end  is  absorbed,  but 
"^o*  so  sharply.  The  strong  band  in  (he  red  ts  shifted  towards  the  more 
'^frangible  end  of  the  spectrum,  cutting  out  the  edge  of  the  red,  some 
**•  the  orange,  and  most  of  the  yellow.  The  second  absorptiun  band  is 
"'^fltiDg,  but  the  greater  part  of  the  light  of  the  spectrum  is  absorbed 
"^*n  a  point  between  the  fourth  and  fifth  lines,  and  .ill  the  light  is 
*"Soibed  at  the  7th.  The  part  of  the  spectrum  which  should  be  yellow 
****  a  strong  tinge  of  olive  green." 

£litf  Fluid  resulting  from  thi  DKomp&sition  of  a  F^ccifs  (f  Nbdularia, 
^Mr.  G.  Francis  sent  me  from  South  Australia,  in  Februarj*.  1878, 
*  Specimen  of  a  beautiful  blue  colouring  matter  dissolved  in  water  and 
'ttiother  in  glycerine  obtained  by  the  decom|}Osition  of  a  confervoid 
t****!!  which  had  proved  very  fatal  to  cattle  and  sheep.  The  fluids 
^*hibjt  a  very  remarkable  brownish  red  fluorescence,  and  give  a  broad 
***sorption  band  corresponding  to  the  yellow  and  adjacent  red  portion 
*"  the  spectrum.  Mr.  P'rancis  carefully  investigated  the  matter  and 
**Poricd  to  the  Oovemmenl  as  follows  : — 

••I  have  the  honour  to  report  having  inspected  I^kc  Alexandrina 
r"*^  the  object  of  ascertaining  the  n:iture  of  the  bad  stale  of  the  water, 
^^  cause,  and  remedy,  if  any ;  also  effects  on  stock,  &c.  I  fmd  the 
^^^  to  arise  from  an  enormous  development  of  an  Alga,  of  the  order  of 
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ConfervfE,  belonging  to  the  genus  Nodularia,  floating  free  in  the  watCT, 
without  roots,  and  wafted  hither  and  thither  by  the  wind.  This 
collects  on  the  shores,  forming  the  scum,  acquiring  consistence  in 
shallow  places  sufficient  to  be  semi-solid ;  cast  on  shore  it  dries  Into 
a  green  flake.  I  find  this  green  scum  when  taken  quite  fresh  to  be 
poisonous,  having  destroyed  a  sheep  with  it  by  drenching,  proving  that 
the  plant  itself  is  deleterious,  and  that  the  poisoning  arises  from  the  plant, 
but  it  is  highly  augmented  by  its  being  in  a  state  of  decay  and  diuii^ 
hot  weather.  It  is  destroying  sheep,  horses,  large  cattle  and  dogs,  also 
many  pigs  and  some  fish.  I  consider  it  an  epidemic  like  rust  (red). 
The  plant  is  natural  to  and  doubtless  always  exists  in  the  Lake,  but  the 
present  low  depth  of  water,  with  the  high  temperature,  has  caused  an  1 
abnormal  production.  Temperature  of  lake  before  this  west  wind  set 
in,  on  ist  instant,  ranged  from  76°  on  surface  at  Milang,  73°  at  bottom 
same  place,  72°  surface  mid  lake.  During  a  gale,  being  at  Wellii^on, 
the  river  water  there  was  74° ;  at  Beaumont  during  a  gale,  in  lake  it  fell 
to  68°,  and  at  Milang  to  64°.  This  state  of  things  will  doubtless  last  as 
long  as  the  lake  is  low  and  the  temperature  high,  but  if  the  temperature 
should  fall  generally  to  below  65°  I  think  the  plant  will  die  away.  The 
Rev.  Mr.  Berkeley,  the  cryptogamic  botanist,  says  of  Confervae,  that 
'  sometimes  they  abound  to  such  an  extent  as  to  be  extremely  injurious, 
the  smell  is  often  disagreeable,  and  extremely  unwholesome.'  I  made 
enquiries  respecting  the  health  of  the  inhabitants  as  regards  fever,  ague, 
and  diarrhcea,  but  heard  of  no  complaints,  the  people  being  afraid  to 
drink  the  water.  As  the  stuff  is  blown  about  it  does  not  collect  in 
large  enough  quantities  on  the  shore  to  contaminate  the  air,  except  at 
the  immediate  spot ;  this  will  I  think  prevent  any  sickness  breaking  ouL 
The  animals  when  sickened  by  it  are  first  observed  to  be  heavy  and 
sluggish  ;  they  then  get  quite  stupid,  and  take  no  notice  of  the  whip  or 
a  kick,  and  if  able  to  keep  on  their  legs  seem  to  forget  themselves,  and 
wander  about  quite  unconscious  of  their  actions ;  finally  they  drop, 
become  convulsed,  then  weaken,  and  die  calmly  from  sheer  exhaustion 
of  vital  powers.  Death  is  caused  by  blood-poisoning,  the  ^-ital  fluid 
being  found  to  be  black  and  uncoagulable  throughout  the  whole  body. 
Large  quantity  of  serum  around  heart,  which  was  flaccid,  but  not  pale 
in  colour ;  and  in  the  abdominal  cavity  fully  one  and  a  half  pints  of 
serum  were  found.  Brain  not  congested  in  substance,  but  the  covering 
membrane  very  much  so.  The  stuff  must  act  as  a  ferment,  and  so  dis- 
organise the  blood.  It  is  totally  and  rapidly  absorbed  by  the  stomach 
in  preference  to  and  before  the  other  food,  as  in  all  instances  none  was 
found  in  the  stomach  of  the  animals  examined,  not  even  in  the  sheep 
drenched  with  one  and  a  half  pints  as  thick  as  custard  or  porridge.  I 
think  there  is  but  little  hope  of  any  medicine  doing  good,  because  the 
animal    is   generally  too  far  affected  for  there   to  be  any  chance   of 
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tcovery.  The  plant  is  coniined  to  the  two  lakes  and  does  not  exist 
:ither  in  the  ocean  or  in  the  Murray  River.  That  which  appeared  at  sea 
nust  have  passed  out  by  the  Murray  Mouth  during  a  northerly  wind." 

The  plant  is  considered  by  Mr.  Francis  to  be  Nodularia  spumigera. 
— Mert  Payen. 

RECENT  WORKS  ON  SPECTRUM  ANALYSIS. 

Spectrum  Analysis,  by  Dr.  H.  Schellen,  translated  by  Jane  and 
Ilaroline  Lassell,  edited  with  notes  by  W.  Hu^ns,  with  13  plates,  in- 
cluding Angstrom's  and  KirchhofF's  maps. 

Lectures  on  Spectrum  Analysis  delivered  before  the  Society  of 
apothecaries,  by  Professor  Roscoe. 

The  Spectroscope  and  its  Work,  by  R.  A.  Proctor. 

On  Spectrum  Analysis  applied  to  the  Microscope,  by  W.  T.  Suffolk. 

An  Index  of  Spectra,  by  W.  Marshall  Watts,  with  a  preface  by  Pro- 
.'ssor  Roscoe. 

The  Spectroscope  and  its  Applications,  by  J.  Norman  Lockyer. 

How  to  Work  with  the  Spectroscope,  by  John  Browning. 
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ON    TAKING     PHOTOGRAPnS     OF      MICROSCOPIC     OBJECTS  —  APPAJUfT^*^' 
—1H.UM1NATI0N  —  CHEMICAL    SOLUTIONS  —  PRACTICAL    51AX1PL*  ~ 
TICK — PRINTING — PHUTOUKAPHS  FOR  TUB  MAGIC   LAHTERK. 

Many  improvements  have  been  introduced  in  the  method  of  wlti^'lj 
microscojucal  iihotographs,  and  far  greater  ]>cHcction  in  the  results 
been  obtained  than  was  supposed  to  be  [wsstble  some  years  ago.      ^^n 
friend  Dr.  Maddox  has  continued  his  experimental  investigations  ».»^ 
with  continually  increasing  success ;  and  many  obscncra  in  Gcnii.a-*^T 
and  France,  as  well  as  in  America  and  in  tliii  countr>"i  have  proda<r^^^ 
beautiful  photographs  of  various  kinds  of  objects.    Some  of  the  irkO^j 
perfect  photograph:;  of  animal  ti&sucs  I  have  ever  seen  were  obtained    S^l 
Mr.  Hugh  Bowman  in  1875-6. 

Very  remarkable  progress  in  this  department  was  made  in  Amc»»*~' 
in  1864.    The  authoriiics  in  the  War  Dcpanment  recognising  ai»r»' 
the  high  importance  of  photographic  represeniaiions  of  microscopic-^" 
specimens  have  issued  a  series  of  reports  in  which  will  be  found    * 
results  of  the  researches  of  Brevet  Licut.-Colonel  Dr.  J.  J.   Wood*^*'*' 
and  Brevet  Major  Dr.  F.  Curtis.    'Iliese  reports  are  admirable.    '*  ** 
drawings  are  beautifully  executed,  the  paper  well  adapted  for  them,  ^^^*^ 
the  printing  excellent, contrasting  remarkably  in  all  these  points  with    *■" 
rough  looking  Blue  Books  issued  under  llic  authority  of  our  Govemnv^"^  1 
II  seems  to  mc  vcr)-  hard  that    British  statesmen  do  not  more    ^**"1 
tinctly  announce  that  they  fully  appreciate  the  high  importanoff 
purely  scientific  investigation  than  has  been  the  custom  hithcrta    ^^     1 
Government  clearly  ought  to  lake  a  very  active  pan  in  advancing  r>' 
methods  of  enquiry,  particularly  in  connection  with  naval  and 
medicine  and  suigery.    In  the  medical  dcjiaitmcnt  of  our  anny  tt»^      ] 
are  to  my  knowledge  scientific  men  as  able  and  as  willing  to  dcv*^ 
themselves  to  scucnlific  work  as  any  in  the  world,  but  they  have  l'**^^ 
opportunity,  and  little  encouragement  seems  to  be  afforded  by  the  h*^^] 
military  authorides. 

I  append  an  extract  from  p.  149,  Circular  No.  6,  Nov.  1S65,  ^*  *^ 
De(mnnient,  Surgcon-Ocncrars  Office,  Washington,  and  hope  that  [7^ 
chance  it  may  be  brought  undei  the  notke  of  some  of  those  wbo  aliT''^ 
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^^^e  power  to  forward  or  obstruct  scieniific  progress  in  Ibe  depaitmcnU 
Docicr  Goveramem  control" 

*■  \\*iUi  low  powers  no  serious  obstacle  was  encountered  in  obtjming 

fioe-Mtint  photographs  of  proncrly  selected  preparations.    The  higher 

,^^^^rs  ofieied  difficulties  most  of  which  however  have  been  overcome, 

I,    In    experimenting  with  the  higher  powers,  the  lined  diatoinacea;  were 

K^o^^ted  as  (est  objects  on  account  of  their  definite  and  well-known 

^^ucttire.     With   these    the    utmost    success    has  been  realised.    A 

Kilic»iotr^pb   of  Gyrosigma  angulatum   (Navicula  angulata)  has  been 

obtsi-i"*^!  for  example,  magnified  about  7,000  diameters  in  which  the 

'^^tx.3^<^^^  appear  of  the  ■uimc  sixc  and  nearly  as  distinct  as  in  the  cut, 

^Krtxic^  was  made  by  transferring  to  wood  a  tracing  from  the  original 

Bpbotogrsph.    In  fact,  any  of  the  markings  on  the  diatoms  that  are 

Bri&i'blc   with  the  microscope  can  be  photographed  with  tlie  utmost 

HtlexuTiess  and  ease,  and  the  lime  has  arrived  when  the  inability  to  pho- 

V  logmph  alleged  markings  will  throw  douTits  on  the  correctness  of  the 

"  ok>&ervers  who  have  supposed  they  saw  them.     The  plan  employed  in 

the  photographic  work  hitherto  executed  with  high  powers  is  as  follows ; 

The  direct  rays  of  the  sun  reflected  in  a  constant  direction  from  the 

mirror  of  a  &lbermann's  heliostat  (lent  for  the  purpose  by  the  Coast 

Survey),  are  condensed  by  a  large  lens  upon  the  plane  mirror  of  the 

microscope,  whence  they  arc  reflected  through  the  achromatie  condenser 

fethe  usual  way.     Before  reaching   the  achromatie  condenser,  how- 
r,  the  rays  pass  through  a  cell  containing  a  solution  of  the  ammonio- 
Dhate  of  copper  of  sulScient  density  to  absorb  nearly  all  the  rays 
except  those  at  the  violet  end  of  die  spectrum.    The  light  used,  there- 
fore, is  essentially  monochromatic,  and  contains,  with  enough  illumtna- 
J^m  tion  for  agreeable  vi.<<ion,  the  greater  part  of  the  actinic  force  of  the 
H  sun's  rays.    The  heating  rayg  being  chiefly  at  tlie  other  extremity  of 
"^  the  spcatum  are  of  course  excluded  .-ind  great  actinic  force  is  obtained, 
therefore,  without  any  danger  to  the  jircparations,  or  the  balsam  used 
for    cementing  the  object-glasses.    The  object-glass  employed  in  the 
photograph  of  Ct)Tfo5igma  above  alluded  to  was  a  one-eighth  of  an  inch, 
by  %V.  Wales  and  Co.,  of  Fort  Lee.  New  Jersey,    lliis  glass  is  so  con 
Btructed  as  to  bring  tlie  actinic  rays  to  a  focus.    At  the  bottom  of  the 
diavw    lube  was  placed  an  achromatic  concave  lens — the  amplifier  of 
ToUes  (of  BoDton,  Mass.),  and  an   ordinary  medium  eye-piece  com- 

*  Ibriieve  tlul  il  wouM  he  mml  dtfFicult,  if  not  actuany  impofsihlf  for  our  Co* 
■t  this  lime  to  iuuc  a  report  of  the  charadn  nf  thai  fmrn  which  the  extract 
9lliifccn(  «Bp|x>uiitt  Ui«l  the  aclual  wuik  hid  been  done  by  |>rivate  penam  ami  plaMd 
■I  At  dU|iiM«l  tJ  the  Stale.  'Vhc  pAper  of  our  llluc  Dookt  it  too  coanc,  ium]  the 
Fiaiin|>  too  roufb  for  &denti6c  memotra.  Let  the  reader,  for  example,  compare  the 
ft«ci  acvofopraying  ny  report  on  ihc  Cattle  Phf^e.  which  were  ptintcd  by  Govem- 
**"•  with  iboK  in  the  pr«i«iii  vork.  Tlic  cuntnul  belwc«a  the  text  of  Coveinaieit 
"^  prtv^le  works  Es  taih  nton  striking. 
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pteted  the  optical  apparatiis.     The  eye-piece  extremity  of  the  raioo 
scope  was  thrust  inti)  one  end  of  a  long  camera-box,  the  connecbaD 
matlL-  li^ht-tiglu  by  means  of  a  black  silk  hood,  and  the  imnge  rcctaTR* 
on  a  piece  or  platc^lass,  observed  by  means  of  a  focussing  gliss,  while 
the  focal  adjustments  were  mode.    As  wiih  the  very  long  camera  wed 
the  arm  cf  the  observer  cannot  reach  the  milled  head  of  the  fine  ad- 
justment of  the  microscope,  this  head  was  grooved,  and  counected  by* 
band  with  grooved  whtt-'I  at  the  end  of  a  long  steel  rod.  the  other 
extremity  of  which  is  near  the  observer,  who,  by  means  of  it,  can  focus 
accurately  with   any  required  length    of  camera.      There  is   nothing 
peculiar  in  the  chemicals  employed,  and  with  ordinary  collodion,  anti 
the  high  power  above  spoken  of,  from  thirty  to  forty  seconds'  exposure 
was  quite  sLfficicnt.     On  the  foregoing  devices  most  importance  is    to 
be  attached  to  the  employment  of  monochromatic  light  (the  violet  en«i 
of  the  siK-ctnim),  and  the  use  of  an  object-glass  constructed  with  sped*I 
reference  to  the  aclinic  rays.     Both  these  points  were  suggested  lo  Ti** 
by  Mr.  L  W,  Ruthcrfurd,  of  New  York,  so  well  known  by  his  conri«f<^ 
lion  with  telracopic  photography,  who  has  thought  much,  and  nka-dc 
many  satisfactory  experiments  in  this  direction.     I  believe,  howev«*. 
that  the  apparatus  an  above  dcsenbed,  loses  some  of  its  advantages    ^7 
ihe  use  of  the  eye-piece,  which  I  propose  lo  suhstituie  by  a  Ien»  *" 
proper  magnifying  power,  corrected,  like  the  object-glass,  in  such  a  -w*^*-? 
as  to  bring  to  a  focus  ttie  actinic  rays.     Such  a  lens  is  now  '.  in  procr^^'* 
of  construction  for  further  experiment.     The  pathological  photogia  r*'^' 
hitherto  satisfactorily  executed  in  the  Museum  have  chiefly  been  m.^**' 
with  moik-Tatc  magnifying  powers,  twelve  to  fifty  diameters,  tho»*45" 
some  experiments  with  high  powers  justify  me  in  the  belief  thai  with    ***'^ 
improvements  above  descrilied,  all  that  is  desired  in  this  direction  «:=*" 
be  atuined.     Among  these  experimcnLs  I  may  ]>articularly  mention*     " 
view  magnified  about  four  hundred  diameters,'of  the  polygonal  telb  ^^^ 
flat  cholcslcrin  tables  of  a  chulosteatoma,  which  was  found  on  the  ia-***^ 
surface  of  the  frontal  bone  of  a  soldier  who  died  of  epilepsy  in    **** 
neighbourhood  of  Washington."    Such  an  extract  «  enough  to  show  *^* 
activity  and  usefulness  of  the  depanment  by  which  it  is  issued,  aac'  ** 
in  the  highest  degree  creditable  to  those  who  performed  the  work,  iv-^ 
to  the  Gitvernment  which  sanctioned  and  encouraged  its  proserutior»-— 

SSS.  Hlslsrr  ot  lk«  AppllcBtlwi  of  ritMowrmrhT  w  tke  ■le^*' 
■eope* — Wedgewood  and  Sir  Humphry  Davy  published,  io  iS^^*' 
cxperinictits  whidi  must  have  been  made  some  years  previously,  *^ 
M'cdgcttiwd  died  several  years  before  this  dale.  They  obtained  pht-^* 
micTOgnphic  impressions  on  paper  and  leather,  but  these  they 

*  Many  ol  ihe  icctioiu  which  fellow  hare  been  catcfulty  mrMcd  liy  I^. 
Cliffonl  Mercvr,  of  Syntciue,  K.  Y.,  who  has  kindly  added  much  new  nutncr^ 
great  ituporuau. 
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m,^.l)le  to  render  permanent.  These  are  believed  to  be,  at  the  same 
tiirj^.  the  first  experiments  in  photography  and  photo-micrography. 
/i(,J»n  Towler,  M.D.,  in  his  "  Silver  Sunbeam  ;"  Captain  Abney,  in  "  A 
•pje^^tise  on  Photography,"  p.  2.)  Mr.  Dancer,  about  1840,  produced 
pl,c,tographs  of  microscopic  objects  by  the  gas  microscope,  the  images 
being  taken  upon  silvered  plates ;  also  im-iges  of  sections  of  wood, 
fossils,  &c.»  were  reproduced  on  paper  and  glass  plates  by  means  of 
the  solar  microscope.  In  1841,  Mr.  Richard  Hodgson  obtained  excel- 
lent daguerreotypes  of  microscopic  objects.  The  Rev.  J.  B.  Reade 
and  the  Rev.  C.  Kingsley  and  Mr.  Talbot  were  early  authorities  in  the 
employ™^"^  of  photography  in  connection  with  microscope  observation. 
The  Rev.  J.  B.  Reade,  then  living  at  Peckham,  as  early  as  1837 
obtained  and  fixed  photographs  on  paper,  washed  with  silver  nitrate 
and  an  infusion  of  galls.  He  succeeded  by  means  of  the  solar  micro- 
scope in  photographing  entomological  specimens  and  sections  of  vcge- 
Uble  tissues.  Two  years  later,  in  1839,  Mr.  Reade  exhibited  more 
perfect  results  at  a  soirie  given  by  the  Marquis  of  ^Northampton,  the 
President  of  the  Royal  Society.  In  the  same  year,  it  appears  that 
some  of  his  photo-micrographs  were  offered  for  sale  at  a  bazaar  at  Leeds. 
(&ar  a  review  in  the  "  Medico-Chirurgical  Review,"  July,  1864.)  Dr. 
Donn^  of  Paris,  in  1840,  presented  to  the  Academy  of  Sciences  copies 
of  various  microscopic  objects  on  daguerreotype  plates.  Moitessier, 
in  his  *'  la  Photographic  appliqu^e  aux  recherches  Micrographiques," 
remarks: — "En  1845,  ce  savant  (M,  Donn6)  publiait,  avec  M.  L^on 
Foucault,  un  magnifique  atlas  relatif  Ji  I'^tude  des  fluids  de  1' Economic, 
et  contenant  un  grand  nombre  de  figures  graves  d'aprfe  des  images 
daguerriennes." 

In  October,  1852,  a  paper  by  Mr.  Joseph  Delves  was  presented  to 
the  Microscopical  Society  of  London,  and  in  the  following  number  of 
the     •*  Quarterly   Journal   of  Microscopical   Science,"  some    beautiful' 
specimens  of  prints  from  Mr.  Delves'  collodion  negatives  were  issued  by 
the  then  publisher,  Mr.  Highley.     This  was  one  of  the  earliest  publica- 
tions    in  this  country  with  photographic  illustrations  of  microscopic 
specimens.     Subsequently  many  workers  appeared,  among  whom  may 
be    mentioned  the  following : — Highley,  Shadbolt,  Dr.  Hugh  Diamond, 
and     Air.  Archer  (1851),  Busk,  Hodgson,  Durham,  Maddox,  Howlett, 
Sc>cfce:tt,  Pollock,  Wenham,  Kingsiey,  Traer,  Weightman,  Davies,  Parry, 
W'ilsc>xi,  Abercrombie,  Taylor,  Sanders,  Viles,  Herapath,  Legg,  Bowman  ; 
'"d     in  India,  Gayer,  Eddowes,  and  others.     In  France  may  be  men- 
tioned the  names  of  Donne,  Foucault,  Nachet,  Dubosq,  Bertsch,  Moi- 
tessier,  Verroquier,  Girard,  Duchenne,  Rouget,  Lackerbaumer,  Ravet. 
^^      Ciennany,    Gerlach,    Albert,    Mayer,    Kolman,  Helwig,  Reichardt, 
i>tiireiiberg,  Pohl,  Weselsky,  and  Siebert,  have  illustrated  memoirs  with 
P"**tographic  plates.     In  Italy,  Castracane.     In  Belgium,  NeyL     In 
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the  United  Sutes,  Rood,  Draper,  Towler,  Crehore;  Dean,  Ruthi 
Woodward,  Curtis,  Seller,  ^Vard,  Kempster,  Dcccke,  Mercer. 

Sir  D.  Brewster,  in  his  anicle  Microscope,  *' Eocydopjedia.  Br 
tannica,"  last  edilion,  speaks  vwy  highly  of  some  photomicmgiapt- 
cxhibited  at  the  Academy  of  Sciences,  Paris,  in  1857,  by  M.  Bcmd 
the  focal  length  of  the  objective  used  being  half  a  tnitlimetre.  Th 
objects,  a  diatom  frono  guano  magnified  500  duim. ;  two  specimens 
navicula,  one  x  800,  tlie  oihet  x  500,  the  field  being  retidered  near' 
dark  by  obti<iuc  illumination  ;  human  blood  globules  x  500  ;  and 
pictures  of  salicine,  taken  by  polarize*!  light  M.  HaitnacK,  Sir 
Brewster  says,  lias  constructed  a  complete  instrument  for  M.  Be 
the  range  being  from  50  to  1,000  diameters,  and  from  50 
diameters  for  opaque  objects.  The  extreme  detail,  beauty  of  tc 
and  liharp  delineation  of  the  objects  in  the  jirints  from  Mr.  Di 
negatives  marked  a  very  important  step* 

The  frontispiece  to  former  editions  of  this  work  was  ob 
Dr.  Maddox  in  the  following  manner,  as  described  in  a  note  to  n 
"  Prints  selected  from  some  of  my  netjatives,  representing  objects 
nifwd  in  various  degrees,  varying  from  the  ij4  inch  objective  t 
[■i2ih,  were  placed  on  a  card  in  anch  a  manner  as  to  try  to 
each  other  in  their  tfftrcts,  and  such  size  of  card  adopted  that 
reduced  oru-haif,  it  might  correspond  with  the  dimensions  chosen 
youiself  for  the  plate.    The  card  of  prints  being  placed  at  the 
distance,  a  Ross'  15-inch  focus  landscape  lens  was  used  to  obtatn  tic 
negative  copies. 

"  'J'o  render  the  minutest  Une,  csftecially  in  the  Pleuroaigma  aogdi- 
tum,  well  evident  in  the  negative,  il  was  ncrcsiiry  not  to  can)'  Ifce 
development  or  intensifying  process  too  far,  or  the  lines  became  fi-'-*''  ■"■ 
and  much  obscured,  hence  the  interspaces  between  the  figure* 
a  little  light  10  pass ;  as  this  seemed  dethraental  and  rendcr%'j  tic 
figures  less  effective  in  a|>]N:arance,  these  parts  have  been  pjiintcd  ML 

"  The  illustrations  were  photographed  with  the  objective  stwd  n 
the  'explanation.'  Tlie  i-i3th  objective  was  made  by  Mr.  WetIlua^ 
and  through  his  liberalit)-  jilaccd  at  my  service." 

Many  of  these  photographs  require  a  magnifying  glass  to  bring  oui 
their  detail     My  friend  r>r.  Dean,  of  Iloslon,  U.S.,  sent  me  soOKRiy- 
perfcct  photographs  of  sections  of  the  medulla  oblongata,  taken  "rrth  I(tw 
magnifying  powers.  These  are  by  far  the  most  perfect  phoiogiai.:. 
trations  of  structures  from  the  higher  animals  that  I  have  srcn. 
Grey  Substance  of  the  Medulla  Oblongata  aad  Trapeiium,'  t 
T>ean,  M.D.,  Smithsonian  Contributions  to  Knowledge,  173.     \\ 
ton,    \%fi\.)     These  photographs  were  also  successfully  prinio.  k«> 
photolilho^aphy.      Dr.  Duchenne,   of  Boulogne,  also  obtained 
\tvj  successful  results  with  anatomical  structures,  and  M.  Hoogci  lo^ 
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the  same  means  in  the  ordlnarj*  way  and  stcrcoscopioJIy,  to 
Czatc  some  of  his  views  on  minure  structure.  In  1865,  Dr.  A. 
m\$,  of  Maycncc,  published  his  work  "  On  ihc  Crystalline  Fonns  of 
himds,  and  their  Sublimates,"  Stc,  illustrated  by  a  lat^e  number  of 
comicrographs.  Dr.  Moiiessier  has  also  adorned  his  book  on  pho- 
icrcigTaphy,  "  La  Pholygraphic  AppHqui-c  aux  Rcchcrclies  Micro- 
^liiqucs,  1S66,"  with  three  photograph  plates  of  various  objects. 
]>.  Draper,  of  America,  employed  for  many  of  the  plates  in  his 
Ic  "On  .\nalomy  and  Phy«olog>-,"  woodcuts  from  pholographs  of 
tnicroscopii:  objects,  and  Dr.  Herapath,  of  Bristol,  adopted  a  similar 
Jwd  for  his  paper  on  the  Spicules  and  Plates  of  Synapta,  published 
the  "  Quarterly  Journal  Microscopical  Science."  Photography  has 
•D  used  by  Dr.  Maddox  to  illustrate  a  paper  presented  to  the  Royal 
ciety.  June,  1S67;  the  photographs  being  made  from  an  aquatic 
vra  whilst  living. 

Many  aruiomical  specimens,  however,  cannot  be  copied  by  photo- 
Ijliy,  especially  if  they  be  very  thick.  The  yellow  colour  of  the 
me  in  most  instances  precludes  the  possibility  of  making  a  photo- 
qih  of  it,  as  the  iiansmission  of  the  light  is  so  much  interfered  with ; 
kdtlus  is  an  especial  objection  in  the  case  of  injections  viewed  as 
unparent  objects,  for  the  tissue  intervening  between  the  vc^isels  is 
b)  JO  yellow  that  these  intervals  in  the  photograph  become  as  dark 
IllMressels  themselves.  My  friend  Dr.  JuUu!^  Pollock  nevertheless 
Kcceded  many  years  since  in  obtaining  some  veiy  tolerable  copies  of 
L^pos  of  the  distribution  of  the  ducts  in  the  liver.  And  Dr.  Maddox 
^Pi;  Hugh  Ilowman  have  been  still  more  successfiiL 

TThen  only  few  copies  of  a  work  are  required,  the  researches  tnay  be 
By  (hMpIy  illustrated  by  taking  photographs  of  drawings.  A  large 
fi«ing  of  the  object  must  first  be  made  in  the  manner  described  in 
1 3J  From  this  a  negative  reduced  to  the  proper  size  is  taken,  from 
hidi  my  number  of  copies  may  be  obuiined.  In  this  manner  I  have 
tumu-d  my  memoir  on  the  Anatomy  of  the  Liver,  with  ujiwards  of 
tf]riUastralions  ("The  Anatomy  of  the  Liver,"  1856).  1'he  results 
Itt  not  so  satisfactory  as  they  might  have  been,  but  as  all  the  prints 
Wprrparcfl  at  home  with  very  limited  appliances,  very  good  prints 
HM  not  be  looked  for.  When  many  copies  of  a  work  arc  likely  to  be 
pved,  this  mode  of  illustmtion  is  not  applicable,  as  the  original 
oT  engraving  would  soon  be  covered ;  but  when  only  a  fim  copies 
meof  mumifr  of  drawings  are  wanted,  this  plan  possesses  decided  ad- 
Bes. 

f^«D  the  improvements  in  the  Alberty]3e,  Woodbur)*t)*pe,  photo- 
*^*pbic  and  other  similar  processes,  tliere  seems  every  chance  that 
^^t  of  illustration  will  be  materially  !es!>ened.  Dr.  Woodward  has 
y^tA  iome  of  these  processes,  and  Dr.  Seyler  has,  by  one  o£  them, 
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iUustraled  his  woHc,  "Micro-Photographs  tn  Histology,  Noraul  tad 
Pathologicai."  (Macmillan  and  Co.)  The  prints  ore,  howerer,  pboo 
micrographs,  and  not  micrthphotegraphs. 


IHSTKUMENTS  AND  APPARATUS  FOR  UICROSOOPE  PHOTOGKAPHY. 

Two  methods  of  arranging  the  instrumenls  and  appantos  have  been 
devised : — 

la  the  5r$t,  the  ordinary  compound  microscope  is  placed  boruoo- 
tally  in  connection  with  an  ordinary  camera  by  inserting  the  eye-piece 
end <ihe  eyepiece  being  removed)  into  the  brass  setting  of  a  wcU-tnade , 
portrait  combination  (the  lenses  having  been  removed),  and  the  aficrtim  I 
around   the  body  of  the  iiiicrosco]>e  |>(:rfe{.tly  closed  by  any  simple 
method,  as  a  card  cap  or  cone  of  black  cloth  or  velvet  altached  (oj 
both. 

In  Che  second,  the  ordinary  microscope  i&  dispensed  with,  the  0%^] 
jective,  sta^c,  ftnd  mirror  being  adapted  to  the  front  of  a  wclI'Dudej 
camera  in  the  place  of  the  usual  combination;  proper  arrangcinettll 
being  made  for  holding  the  object,  supporting  the  mirror,  and  adjusrinj  | 
the  different  siwrial  parts.  The  pocket  microscope  described  in  \<  17,  j 
may  be  adapted  to  the  camera. 

S14.  Cwncn  with  OtajN't-ClaiwcB  wq«  Btmct  atf«*t»«  %m  IL— TbcJ 
apparatus  used  by  Mr.  Dvlvcs  was  brought  Iwfore  the  public  bf] 
Mr.  Highley,  and  very  much  improved  by  him.  This  funn  of  ap|ant 
attracted  considerable  alttntion  at  the  Internationa!  KxMbition,  iS6s.l 
M.  Duboscq  also  exhibited  this  amngemcnL  It  seems  to  meet  nKKCJ 
requirements  for  moflerate  distances,  but  dcmand.s  especial  outlay;] 
Mr.  Highlcy  has  lately  introduced  further  improvements,  which 
his  apparatus  still  more  perfect    See  pi.  LXVIII,  fig.  3. 

BSS.  .<ilr.  WcBhaai's  ArmiiKfiiiftitawlthantaCUBef*. — Mr.  Went 
dis|icnses  with  Uie  use  of  Uie  ordinary  camera,  and  yet  attains 
equally  good  result     He  recommends  that  a  room  be  selected  having 
window  or  aitcrlurc  with  free  access  to  sunlight    This  is  to  be  clcicd  bj 
a  shutter  having  a  hole  about  3  inches  in  diameter;  upon  the  out 
of  this  aperture  is  arranged  a  solar  reflector  or  plane  mirror,  in  wdt 
manner  as  to  be  capable  of  being  worked  round  its  centre  ai  \\ 
necessary  angle,  on  the  outside,  by  passing  the  hand  through  an^xhc 
hole  in  the  shutter  to  the  margin  of  which  a  flexible  sleeve  is  attact 
The  microscope  body  is  arranged  horizontally  on  a  table  or  bench. 
that  its  axis  corresponds  to  the  tentre  of  the  ajienure.     The  stage 
the  object  slide  ciamjied  on  it  in  proper  position,  is  placed  near 
aperture  on  the  inside,  the  tight  around  the  stage  being  shut  off  \vj . 
piece  of  black  cloth.     On  the  bench  a  vertical  stand,  consistii^  xk 
Ixiard  with  a  heavy  base,  is  placed  at  any  de^rable  distance  from 
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i^nd  of  the  niicroscxipe ;  this  board  is  supplied  with  two  **  ander-cut 
SS^to  hold  the  sensitised  plate  when  ready.  The  mirror  is  first 
jicrij-  arranged  so  as  to  throw  an  equal  illlimirutioa  on  ll«r  vertical 
peboard,  a  card  being  previously  placed  in  the  exact  plane  to  be 
Bpied  by  the  prepared  plate.  The  image  is  now  focusscd  on  the 
d.  If  the  operation  of  exciting  the  plate  is  to  be  performed  in  the 
le  room,  sufficient  tight  for  the  purpose  is  admitted  through  a  small 
le  of  yellow  oranf^e  non-aciimc  glass  let  into  the  lop  part  of  the  shutter. 

rn  a-ady  the  card  is  removed  and  placed,  against  the  ojien  end  of 

microscope  tube,  ai  as  to  cut  oif  all  light  throi^h  it ;  the  plate  is 
lined  and  placed  on  the  vertical  frame,  the  catd  quickly  lifted  and 
pbced  against  the  end  of  the  lube  in  [Mrriods  I'ar^'ing,  according  to 
etimc  of  cKposure  necessary,  from  part  of  a  second  to  half  a  minute, 
time  required  will  vary  according  to  the  quality  of  the  light,  the 
nslnlity  to  it  of  the  collodion  or  other  material  used,  and  the  facility 
A  which  the  actinic  rays  pass  througli  the  object. 

Mr.  Wcnham  cnumcntes  several  advantages  gained  by  this  method, 
be  length  of  base-buard  is  limited  only  by  tlie  dimensions  uf  the  room, 
he  cate  with  which  any  object  can  be  included  in  a  definite  b|iace. 
idfity  in  focussing.  A  means  of  so.  placing  the  card  oj  sensitised 
IK  at  any  angle  to  the  axis  of  the  microscope  so  thai  the  surface  may 

nude  parallel  to  objects  lying  ;i  little  out  of  one  pUnc.  Hy  having 
■eriesof  paper  stoics  at  hand,  parts  situated  in  planes,  slightly  removed 
m  each  other,  can  be  focussed  and  impressed  alternately.  While 
cfint  part  is  being  impn»»cd,  the  other  part  is  stO|iped  off;  this  is 
n  Mopped  off,  the  other  pan  focussed  and  its  image  allowed  to  fall 
it)  turn  on  the  unaffected  portion  of  the  prepared  plate.  Again,  the 
idler  and  thinner  jiarts  of  the  sirae  ul>ject  may  lie  ex|>osed  for 
benr  periods  of  time,  by  which  a  uniform  intensity  may  be  ubt^iined 
qiite  of  the  variable  transparency  of  ditfercnt  jjarts. 

For  the  low  powers  the  plane  mirror,  but  for  the  j4-inch  objective 
J  higher  itvw'ers  some  form  of  condenser  is  used,  as  a  hulIWye  lens, 
>«  _^  inches  diameter.     But  for  the  finer  forms  of  objects,  as  dLitoms, 

bull')W:>v  lens  is  to  be  combined  with  a  condenser  of  the  form  pro- 
ed  by  Dr.  Woodward  in  April,  1861,  for  his  binocubr  microscope. 
B  consists  of  a  set  of  three  plano-convex  lenses  varying  in  diameter 
0  about  t}^  inch  to  )^  an  inch,  placed  near  to  each  other  with  their 
nn&oes  towards  the  object.  These  combined  |k>sscss  a  very  la^e 
e  of  aperture.  The  small  lens  being  made  sep-irable  from  the 
as,  a  large  field  of  illumiiuttion  could  be  obtained  for  tlie  lower 
en. 

nc  Bffwtvt  Ueaienaal-Calaiiel  Dr.  vraoawuwd'%  .Hctlurt. — This 
be  a  saitabte  place  to  intrtxiuce  the  plan  adopted  by  Lieutenant- 
Dnel  Dr.  Woodward,  at  the  Array  Medical  Museum,  U.S.,  reprinted 
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in  the  British  Jouma]  of  Pholography  for  October  la,  1866. 
camera  ts  not  used,  a  dark  room  being  found  most  convenient 
operating  room  has  two  windows,  through  one  of  whkh  )aft 
yellow  light  is  admitted  to  permit  the  movements  of  the  operator.  TW 
lo«"cr  jKift  of  the  other  window  is  occupied  by  a  shutter  a'  '  '  Ttnrji 
inches  high,  on  which  the  bladccned  sash  shuu  down  Ii.  I0 

Utt«  sliutter  is  a  round  hole  an  indi  and  a-Kalf  in  diameter,   cram  Ae 
inner  side  of  which  a  brass  tube  of  the  same  diamelef  ]irni-  i'  '•■■■•  •'  - 
room.     On  the  outer  side  of  the  hole  is  a  rod  about  tweb  v 
on  the  extremity  of  which  the  microscope  mirror  is  duly  centered.    Two 
steel  rods  attached  by  hooks  in  the  mirror  and  posted  throa^  tk 
shutter,  ])crmit  its  position  to  be  adjusted  by  a  person  fiuuidmg  itadt 
of  the  room,  without  opening  the  nindow.     A  Sitbcrmann's  hcfiittf 
standing  on  a  shelf  just   outside  of  the  window,  throws  the  ftUBli(|k 
steadily  upon  the  mirror.     Within  the  room  a  frame  of  walnut,  inke 
long,   is  placed  on  a  firm   table   perpendicular  to  the   r' 
microscope  stands  on  the  end  of  this  frame  next  the   ■ 
mirror  is  removed,  being  replaced  by  that  out-ode  the  shuti- 
microseope  is  placed  in  a  horizontal  position,  and  the  '  ' 
the  diaphragm  or  the  achromalic  condcnsi-r  tits  into  the  t-.v 
inward  from  the  shutter,  by  which  the  sun's  light  reflected  ^' 
mirror  outndc  is  admitted.     A  black  velvet  hood  covers  the  puu  ii-\ 
the  stage  and  objective  of  the  microscojw,  and  thus  preveus  the  loJu,-: 
of  light  into  the  room.     PI.  LXIX. 

"  The  plate-holder  is  ino\-ablc  backward  and  forw-' '    -  '' 
frame  on  which  the  microscope  stands,  its  maximum  .. 
stage  of  the  microscope  being  nearly  nine  feet 

"  To  permit  ready  focussing  at  distances  greater  than  the  ( — *  - 
the  arm,  a  wooden  rod  three-fourths  of  an  inch  in  diameter  qd<' 
of  easy  rotation  runs  the  whole  length  of  the  right  side  of  t^^ 
The  milled  head  of  the  5ne  adjustment  of  the  microKcofH!  i*  , 
and  a  grooved  wheel  in  the  end  of  the  rod  iiermits  the  two  in 
ncclfd  with  a  band.     The  operator  standing  at  iiny  (art 
can   therefore  manipulate  the  fine   adjustment   by  simply    :~. 
n-ooden  rod  in  his  fingers.     The  arrangements  of  lisht,  pc- 
object,  coarse  adjustment,  fire,  are  made  by  the  operaioi 
by  the  microscope,  which  has  a  suitable  eye-piece  ndju<>i     . 
senxs  the  object  in  the  usual  way  ;  afienvards  removing  the  c 
and  going  to  the  plate-holder,  the  (inal  focus   is  made   by  mcor. 
wooden  rod,  the  image  being  viewed  with  a  focussing  gUsi  on 
oi platf-ghu  held  in  the  same  frame  which  is  to  receive  tfae  seuai*c 
plate. 

"  The  cell  containing  the  anunonio-sulphate  of  copper  hangs  ocH' 
side  the  shutter  over  the  hole  by  which  the  light  is  admitted.    It  u 
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only  excludes  the  unnecessary  illumio^iting  rays,  but  prevents  danger  to 
I  objective  from  the  concentrated  solar  heat,  and  fiermits  the  eye  of 
I  openiior  to  view  the  objects  about  to  be  copied  without  fatigue  or 
itijarjT-  (■aitcriy  a  plate  of  alum  has  also  been  used  to  exclude  solar 
bctft  especially  during  any  tetn|iorary  removal  of  the  aromonto-sulphaic 
cell.  The  cheiaical  processes  employed  are  well  known  to  all  photo- 
gn|>h«n.  With  the  above  apparatus,  it  has  been  found  that  the  best 
(jciined  pictures  are  obtained  when  the  distance  employed  with  any 
objective  docs  not  exceed  three  or  four  feet. 

■•  The  achromatic  concave  u«ed  as  a  substitute  for  the  eye-piece,  is  a 
combinuion  of  somewhat  more  than  half  an  inch  transverse  diameter, 
]ii]il  about  28''  angle,  constructed  like  ihe  objecttx'e  to  focus  the  chcmica] 
YXfu  It  increases  the  magnifying  powers  of  the  objective  about  seven 
tones.    It  has  been  found  to  i»:rform  well  with  both   the  ^th  and 

(■tOth. 

"  In  photographing  the  M>ft  tissues  or  other  objects  in  which  iliurai- 

mlion  with  parallel  nys  produces  interference  lines,  the  ground  glass  is 

lobe  placed  between  the  mirror  and  condenser.    Of  course  there  is 

,nnsidentble  diminution  of  light,  but  this  can  be  overcome    for   the 

net  powers  by  condensing  the  sun's  light  on  the  ground  glass  by  a 

a's<]re,  or  other  similar  contrivaiKC;     If  the  interference  lines  as 

,  by  the  eye  do  not  disapi^^ar  with  one  thickness  of  ground  glass, 

tnor  more  may  be  used." 

Dr.    VVoodwanl,    ia  the  same   article   lays    down   the   following 
jdinciples : — 

"  t.  To  use  objectives  so  corrected  as  to  bring  the  actinic  rays  to  a 

bcus.     3.  To  illuminate  by  direct  sunlight  passed  through  a  sohition  of 

ammonio-sulpliaic  of  copper,  which  excludes  practically  all  but  the 

actinic  ettremity  of  the  spectrum.     3.  Where  it  is  desired  to  increase 

Ebe  power  of  any  objective,  to  use  a  properly  constructed  achromatic 

concave  instead  of  on  e)'e-piece.     4.  To  focus  on  plate-glass  with  a 

bctissing  glass  instead  of  on  ground  glass.    5.  With  high  [lowers  to 

(Ue  d  hcliostal  to  preserve  steady  illumination.     6.  Where  an  object 

'cubits  inteiferenoe  phenomena  when  iUumuiated  with  parallel  rays, 

[  as  is  the  case  with  certain  diatoms  and  many  of  the  soft  tissues,  to 

produce  a  profKr  diffusion  of  the  rays  by  interposition  of  one  or  more 

tP'aies  of  groimd  glass  in  the  illuminating  pencil." 
Dr.  Woodward  sent  me  photographs  of  a  part  of  a  frustulc  of 
P'curoiigma  angulatum  taken  by  him.     The  original    negatives  were 
•^bLaincd  in  the  one  case  by  Messrs.  Powell  and  I^-aland's  i-5olh,  and 
ii^Snilied  to  3.344  diameters;  in  the  other  case,  by  a  ^th,  made  by 

P"  Mr.  Wales,  of  Fort  Lee,  New  Jersey,  and  used  with  his  achromatic 
'^JK.aTc  magnified  to  1,540  diameters.  Both  of  these  negatives  were 
iftenrards  employed  to  procure  positives,  and  from  these,  by  one  eu- 
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largement,  the  enonnous  magnitude  of  19,050  diameters  was  obtuii 
The  former  gave,  if  anything,  rather  the  sharpest  picture,  especial]] 
the  centre,  the  latter  the  flattest  field  with  most  excellent  definiti 
These  negatives  were  taken  on  collodion  prepared  plates,  and 
exposure  given  was  seven  minutes.  They  are  convincing  as  to  the  ex 
lence  of  the  plan  adopted,  and  the  skill  and  patience  of  the  operat 
Drs.  Woodward  and  Curtis.  It  remains  to  be  seen  whether  by  adt 
ing  other  plans  we  may  not  get  rid  of  some  of  the  expensive  parts 
the  apparatus,  namely,  the  heliostat,  and  Dr.  Maddox  made  some  expt 
ments  in  this  direction,  by  means  of  a  solar  microscope.  He  fou 
that  an  ordinary  collodion  sensitised  plate,  required  an  exposure 
from  90  to  no  seconds  strong  sunlight  in  December  and  70  seccmds 
May,  Pleurosigma  formosum  being  the  object  in  the  first  caj 
Pleurosigma  angulatum  in  the  second.  The  tnagnifyiog  power  w 
2,500  diameters.  The  5^th  object-glass  was  used  with  an  acbromit 
concave,  a  large  plane  silvered  mirror,  a  3^-inch  diameter  u 
8^-inch  focus  condenser,  and  a  single  pair  of  plano-convex  condenx 
with  a  large  central  stop.  Dr.  Maddox  considers  that  the  lengthea 
exposure  was  due  to  the  fact  that  the  }^th  was  made  with  four  seti 
lenses,  the  front  being  a  single  lens.  With  an  excellent  }ilh  wi 
three  sets  of  lenses  and  an  achromatic  concave,  made  for  him  I 
Mr.  W,  Wales,  of  Fort  Lee,  New  Jersey,  U.S.,  especially  for  pbot 
graphic  purposes,  the  time  of  exposure  was  rather  less ;  and  with 
triple  condenser  Dr.  Maddox  found  that  in  June,  35  seconds  we 
sufficient  for  Pleurosigma  angulatum  magnified  3,000  diameters,  6 
ammonio-sulphate  of  copper  cell  being  used.  From  a  short  cipe 
ence  with  this  instrument,  both  with  and  without  the  ammonio-sulpha 
of  copper  cell,  he  thinks  a  prism  either  according  to  the  plan  used 
his  smaller  camera  arrangement,  or  as  adopted  by  M.  Neyt  and  Cou 
Castracane,  preferable  to  a  mirror  for  illumination  with  the  high  poirei 
To  adapt  this  objective  to  ordinary  use,  Mr.  Wales  supplies  a  sepaia 
back  set  of  lenses  to  replace  the  photographic  set,  which  answers  we 
the  workmanship  in  the  construction  of  the  mount  being  most  perfea 

Dr.  Woodward'!  Improrcd  Ammscmcnta  for  taking  Phawmp 
of  Mlcmcople  Objects. — The  description  of  a  more  perfect  and  cc 
venient  plan  than  the  one  originally  adopted  by  Dr.  Woodward, 
the  Laboratory  of  the  Army  Medical  Museum,  Washington,  U.S., 
given  below. 

"  For  tlie  sake  of  convenience  a  camera  box  and  table  are  dispens 
with,  and  the  operating  room  having  a  window  facing  to  the  south, 
itself  converted  into  a  camera  by  wooden  shutters  on  the  inside  erf  t 
window,  sufficient  non-actinic  light  to  enable  the-  operator  to  mt 
about  freely  being  admitted  through  yellow  panes  in  a  sashed  door, 
small  yellow  pane  is  also  let  into  one  of  the  window  shutters  to  eaal 
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^  oj>erator  lo  watch  Uie  sky  during  an  exposure  and  see  when  clouds 

•le   alxiul  to  oUscuie   the  sua     The  microscope  with  its  body  in  a 

faimzontal  |K>sition,  sUnds  on  a  shelf,  on  the  inner  window  &iil,  tU  feet 

hting  into  brass  sleets  to  insure  accuracy  of  position,  pL  LXX,  fig.  4. 

Covering  the  portion  of  the  irindow  towards  which  the  microscope 

points  IS  a  stout  inimo%*nb1e  shutter,  having  a  square  opening  to  receive 

a  movable  piece  which  Bts  into  it  with  a  rebate,  and  is  held  in  a  posi- 

tkm  by  four  wooden  buttons.    An  aperture  is  cut  in  this  movable 

ihutter  (jtf  fig.  t )  of  the  same  diameter  as  the  short  body  of  the  micro- 

tcope,  and  in  a  direct  line  with  it ;  a  UghMighl  connection  is  made 

6etween  the  two  by  a  sliding  brass  tube  {i)  lilted  to  the  shutter.     This 

aperture  con  be  o|)encd  and  closed  at  will,  to  malce  the  ex[W5urcs,  by  a 

bra-as  jJale  (i)  playing  over  the  outer  face  of  the  shutter  on  a  pivot, 

wHich,  passing  through  the  shutter,  is  worked  by  a  handle  (</)  from 

within  the  room. 

"  Tills  brass  plate  is  sunk  into  a  shallow  s]jacc  cut  in  the  shutter  so 
ts-    not  to  project  beyond  its  surface,     Ovtx  the  plate  and  covering  the 
•penore  is  fastened  the  glass  cell  (/)  cont-iining  the  blue  copper  solu- 
tion.   Immediately  below  the  edge  of  this  cell  a  piece  of  brass  tubing 
{^y  liiirleen  inches  long,  is  saewed    to   the  shutter,  cartying  at  its 
£ictTeiiiity  die  mtcioscope  mirror  {g),  accurately  centered  opposite  the 
■petture  in  the  shutter.    This  mirror  is  adjustable  from  within  the  room 
by  means  of  two  steel  rods  {/lA)  attached  to  its  fntmework  by  ball  and 
•ocka  joints,  and  projecting  into  the  room  through  small  holes  in  the 
^l^tjtier.    One  of  these  rods  moves  the  mirror  upon  its  vertical,  the 
othc;  upon  its  horizonul  axis.     The  helioslat  stands  on  an  iron  shelf, 
•"itjicit;  the  window,  in  such  a  position  that  its  mirror  is  a  few  inches 
'^ily  distant  from  the  microscope  mirror  and  in  a  north-westerly  direction 
'roni  It.  hg,  4,  a. 

"  The  frame  for  the  plate-holder,  instead  of  standing  upon  a  table,  is 
'"Pported  upon  a  oarTOw  walnut  cor,  running  upon  an  iron  track  ten 
*'**  long,  laid  upon  the  floor  at  right  angles  to  the  plane  of  the  window 
('*  fig.  4),  ThLs  car  consists  csstntially  of  a  base  made  of  four  pieces 
™  *ood  joined  together  so  as  to  leave  an  ojiening  in  the  centre  eight 
T'^^'cs  square,  and  two  stout  uprights,  connected  by  a  cross  pieoe,  which 
'*c  from  the  side  pieces  of  this  b.%'ie  and  have  a  V-5haj)Cii  way  cut  on 
™^>r  inner  faces  to  receive  ilie  sliding  sides  of  the  top  of  the  car.  This 
"P  Can  thus  be  adjusted  to  any  height,  and  clamped  in  position  by 
*^**<icD  binding  screws,  so  that  negative  plates  of  different  sizes  may 
*  "^s^d  if  desired,  and  centered  to  the  axis  of  the  microscope  body, 
***  track  (*ir  fig.  2)  consists  of  two  wooden  rails  (ce)  an  inch  high, 
**e*red  to  llic  floor,  upon  which  in  turn  are  screwed  flat  iron  rails  (AA) 
.  **'>se  inner  edges  project  half  an  inch  beyond  the  wooden  r-iils.  These 
*^^  raib  arc  cast  with  a  ^-shaped  projection  on  their  upper  faces,  and 


!^^-  cr-"-  -"^ri^B 

l^  upon  ihe  l«A  »  ^^  p>cce  ^       .^^  ,„,^  exu«v.^  _jj^^. 

The  cods  of  ^"'..'fT^    awl  am  "^"^^    -^  „„  ihe  upP«  T^^  ^^ 
iron  rod,  »"«  ^^^  mn^    T^^«     .^^^  len  k'^'^"'^.  ,„«:opc  m  »> 

S^""  rr^  t^^e  raH  -'^  '  ^^^  ^  .     ,,,«  m  the  ^ 

close  lo  OM^  .^^  ^^rtx  Ibe  »"»  .^ccily 

the  car  (^«  fig.  4.  (^,  o( *«."^  V  6&  jV  j^  J^  ^^ 

"™«     "J^"        I'he  wo  ™>'' 'f'"     b^  of  *«  "■;     '  V  »„l  a  sop' 


the  tracK)  *^""=  "*^..^  titles  of  ti«  K'  ^^     ^^^nc  »">*-         „.,».\«, 
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^■bla  iiS'iH*r  wicb  qnciif^di^  mt-vh^d     «    BbNif^ri   ft    «Tkdiii4  tir4^4  tu>>*  'o  'oia  ThJ  than  bodr  ot 

t.   tr*«»  pl»»  li>  tin—  ll.^  *.i.!ri„r»  lu   ihi-  ii>..iir«r      i    hai.ili  li>  vorji  ll.«  utai-^  rrcm  williiu  lb* 

i,-^"!  cobiaiQbD^  til*  b  OT  f  >T,*-i  nolLKkrii      f.  '  ra««  riih"  i-«rryiiit  III*'  Tii;cioitc3Fe  mirror     a  mirtar: 


-.^ 


Fig.  3. 


Fig.  3. 


'T^v    wcv:)n    ot    cflf    «ad   truck,    lo   dLow  th^ 

1.1  ibv    <i<pubiua  iir  tlampin^  rl'A  c^ir  to  tlia 

■  ■.    Hm*U    nT4MPi   whvH;«    AroovHl  L    fr  i.   eIjc 

k'.^-dti^D  ■  A-*l>np^  prc'tcnori  to  fit  i^if  4m«i4 

?tiTT  Uj  vi4t)i  ol  ikifl  cur:  *  v<-nic»l  Jtod  r  l 
L|  UT«u4h  ihe  ^^mv:  /  ca^i  iron  ero«a.pl--ri 
mp  nbdtr  '^r   \-^n   Tail*-    /.   icrew   mil.  will 


LonAllU'Unil  ■Tunn  r-t  po^iAhor  >i»]f  of  Cur,  lo  abow 
tLr  4|'p«r<iiLi4  lur  oV'^mmal  \h^  rocn*  of  tfafl  tuaiA* 
m.  <roovc«l  jitjd  a^tiftft  ruutiin^  tb"  whal**  li>i]ith  of 
ihff  irAclt  rti.d  pABfllnf  Lindffr  lb"  car,  *  hwQi  bratft 
tiflHTiDit  ■uppoTthiift  i*-i  bTT-LleJ  f-ar  vbr^^la :  c: 
CwwHItil  Rmr  -rbf!*!^  :  4  v-'ti^  nl  iron  rod  fttUch'd 
lo  ^\if  nprvr  '\hfr-U  t.  riil.i'd  hasd  oa  iba  upper 
r-iLtnftiiily  ■;:  ib«  AVTir- :  /,  cOh-tr  i?  auj-poit  U» 
iron  rotl. 


OM^nt  iiTiBaam'nt  d'  T>r.  W'^dftiFfl'-i   ippnmE'j*  for   lAltma  ptjOLoAmphA   of  miC' 
pa/:«  ■■  BUowa  in  t\g»    J.  -j^  j.     p.  ^i>T. 
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:cts.  One  of  these,  a  small  brass  wheel,  U  grooved  and  connected 
D.  bUc  thread,  removable  at  pleasure,  with  the  fine  adjustment  wheel 
Ak  microscope,  which  is  also  grooved.  The  other,  a  lar^  wooden 
fd,  h  connected  permanently  by  a  flat  leathern  band  with  a  similar 
id  attached  to  the  long  iron  shaA  below. 

"  The  steps  in  the  process  of  t>hotogni|}hing  by  the  above  described 
MUftUis  are  as  follows :— The  movable  shutter,  vith  the  apparatus 
Khed,  is  buttoned  in  jjosition,  the  heliostat  set  in  plire  on  the  shelf 
ude  tlie  window  and  properly  adjusted,  so  as  to  throw  the  rays 
ected  from  its  mirror  upon  the  microscope  mirror  at  the  extremity 
Ibe  rod  on  the  shutter.  The  window  shutters  may  now  be  closed 
I  iKcd  not  again  be  opened.  The  microscope  is  tht-n  placed  in  the 
per  position  upon  the  shelf  inside  the  window,  and  the  silk  thread 
uned  which  connects  the  fine  .idjustnicnl  wheel  with  the  wheel  on  the 
pe  of  the  shelf.  The  operator  then,  atting  on  a  stool  in  front  of  the 
aoGCOpc,  and  inserting  an  eye-piece,  views  the  object  as  in  the 
Unary  use  of  the  insmiment.  This  he  is  enabled  to  tlo  without  dis- 
nfoit  or  injury  to  the  eye,  since  the  light  transmitted  by  the  solution  of 
nwnio-sulphaie  of  copper,  though  phpto^raphuaHy  intense  is  Utmi- 
ulj  companUivdy  feeble,  and  is  also  deprived  of  a  large  proportion 
its  heat  rays  in  its  passage  through  that  medium.  While  thus  seated 
the  microscope,  the  operator  makes  the  necessary  adjustments  of  ihc 
ge,  achromatic  condenser,  diaphragms,  &c.,  having  perfect  control 
the  illumination  by  means  of  the  steel  rods  attached  to  the  mirror 
tout  the  window  .ind  projecting  into  the  room  through  the  shutter. 
kHe  making  iJiese  adjustments  he  commands  the  tinL-  adjustment 
ed  by  the  fingers  in  the  usual  way,  the  wheel  readily  slipping  under 
y  itiread  that  connects  it  with  the  wheel  on  the  shelf  below.  ITiese 
tutments  being  made,  the  best  view  and  |>roix:r  tlluioination  of  the 
hAct  secured,  the  eye-piece  is  removed,  and  a  black  velvet  hood 
Icbed  around  the  edges  of  a  hinged  shelf  projecting  from  the  shutter 
'fig.  4),  is  lowered  so  as  to  cnvclo{M:  all  of  the  microscope  but  its 
^,  thus  preventing  any  leakage  of  light  by  the  side  of  the  objective. 
B  operator  now  goes  to  the  car,  adjusts  its  position,  noting  its  distance 
n  the  microscope  by  the  scale  on  the  floor  and  side  of  the  base  of 
car,  as  already  described,  and  clamps  it  firmly  in  pLicc.  He  then 
down  behind  it  and  receives  the  image  upon  the  surface  of  a  piece 
slate-glass  held  in  the  plate-holder,  viewing  it  with  an  eye-piece  held 
last  the  glass  plate,  whose  focus  corresponds  exactly  with  the  anterior 
ace  of  this  plate.  He  next  turns  the  milled  head  that  opemtes  on 
apparatus  for  tuniing  Ihc  fine  adjustment  wheel  of  the  microscope, 
3  the  image,  viewed  as  just  described,  appears  in  exact  focus  upon 
surface  of  the  plate-glass  screen.  The  aperture  in  the  shutter  is 
1  closed  by  means  of  the  brass  plate  with  handle  iikside  the  loom^ 
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the  sensitive  plate  substituted  for  the  plate-glass  screen  in  the  [dite- 
holder,  and  the  exposure  made  by  opening  and  closing  the  movable 
shutter  by  the  means  already  described.  The  time  of  the  exposure  ii 
noted  by  the  beats  of  a  metronome,  adjusted  to  strike  at  second  in- 
tervals, the  dimness  of  the  yellow  light  in  the  room  rendering  the  use 
of  a  watch  inconvenienL  Having  obtained  the  n^ative,  a  stage  mi- 
crometer is  substituted  for  the  object  photographed,  and  its  divisiota,  u 
projected  upon  a  piece  of  ground  glass  held  in  the  plate-holder,  an 
carefully  traced  upon  paper.  By  comparing  these  with  a  standaid 
scale,  the  exact  amplification  of  the  object  as  represented  in  the 
negative,  is  readily  calculated.  Other  negatives,  representing  the  saute 
magnifying  power,  can  then  be  taken  at  any  time  by  using  the  sainc 
objective  and  placing  the  car  at  the  same  distance  from  the  microscope 
The  ordinary  wet  collodion  process  is  the  one  used  in  the  prepaiatioD 
of  the  negatives." 

"  A  bright  white  cloud  illumination  is  obtained  by  throwing  the  beams 
of  light  from  the  mirror  on  to  a  piece  of  greased  ground  glass  plaoe^j 
in  the  short  body  of  the  microscope,  below  the  achromatic  condetxeai^ 
by  which  the  interference  lines  so  often  resulting  from  employing  iMntt 
unmodified  sun's  rays  are    destroyed,  and  long  exposures  with  hj^^ 
powers  permitted."     In  some  cases  Dr.  Woodward  omits  this  gnnr^^ 
glass.    The  objectives  and  amplifiers,  as  made  by  Mr.  W.  Wales,   ^dE  ^ 
Fort  Lee,  New  Jersey,  "are  specially  corrected  so  as  to  bring  to  oc::^* 
focus  the  rays  in  the  violet  end  of  the  spectnun,  where  the  actin — z^ 
power  resides." 

The  violet  light  is  also  "  obtained  practically  pure  by  interposing  i^^*"* 
the  solar  beam  reflected  from  the  mirror  a  shallow  cell,  with  plate^li^»— ' 
sides,  containing  a  solution  of  ammonio-sulphate  of  copper." 

When  other  objectives  have  been  used  they  have  been  the  oninai  -*" 
achromatic  lenses  of  other  makers  ;  the  i-5oth  of  Messrs.  Powell  w^^'- 
Lealand  gave  excellent  results  in  the  hands  of  Dr.  Curtis,  as  proved  Ir*^ 
the  prints  sent  to  this  country.  Dr.  Woodward  lately  forwarded  tm^ 
Dr.  Maddox  some  observations  for  publication,  on  the  result  of  con**^ 
parative  experiments  made  with  a  flint-glass  prism  and  lens  to  increas*^^- 
the  dispersion  of  the  violet  ray  for  the  necessary  exposure,  and  th»*^ 
ammonio-sulphate  of  copper  cell,  the  light  employed  being  the  sam^^-* 
in  both  cases  reflected  from  a  plane  mirror.  It  was  found  by  using 
sensitised  collodion  plate  that  the  actinic  power  was  in  favour  of  th*"* 
light  transmitted  through  the  cell ;  or,  in  other  words,  that  the  loss  Ic:^^ 
dispersion  was  greater  than  the  loss  by  absorption  in  its  transit  throi^^S 
the  cupreous  solution.  The  details  of  this  judicious  and  well-direct^^^ 
experiment  testify  to  the  care  bestowed  on  these  matters  at  the  Goto — ^^"i' 
ment  Laboratory. 

ni.  Mr.  ll«cck«'i  Arraasementi,  HethM,  mi4  Oltlcet. — Mr.  DlulI^bt, 
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SpccU)  PathoJo^st,  New  Vork  Stale  Lunatic  Asylum,  has  in  the  main 
adopted  the  plan  of  Dr.  W'oodward.  He  uses  a  large  heliostai,  which 
Boves  on  a  cir  fram  a  shulf  ouisidi:  to  a  tno^-ablc  stand  in  the  toom, 
vtitlv,  when  not  m  use,  it  is  kept  co\-CTed  by  a  glass  case.  His  con- 
denwr  U  4  inches  in  (Jiametei,  has  a  focus  of  18  inches,  and  can,  by  the 
aid  of  setting  screws,  be  turned  about  a  horizonial  as  well  as  a  vertical  axis. 
Projecting  from  it  towards  the  hcliostat  is  a  cylinder,  4>^  inches  in  dia- 
meter and  1 2  inches  lon^  for  excluding  all  direct  rays  from  the  sun. 
Projectinjj  from  it  into  the  dark  room  is  a  conical  tube,  14  inches  long, 
lingering  from  4  to  2  inches  in  diameter.  The  microscope  rests  on  a  stand, 
H'hith  can  be  made  lc\-el  by  four  screws.  Between  the  condenser  and  the 
(pedatcn>hokier  i&  plactxl  a  curette  with  parallel  walls,  of  the  finest  plate- 
^■tflffs^  which  contains  a  weak  solution  of  ammonio-sulphale  of  copper 
HconpOMd  as  follows : — sulphate  of  copper,  jo  parlx,  water  100  parts, 
BKn<i  liquor  ommoniK,  q.8.,  to  dissolve  the  precipitate  at  first  formed, 
"and  then  diluted  to  300  parts.  This  curette  is  used  while  focussing, 
N  but  just  before  the  cxjxjBun:  of  the  sensitive  i>laie,  it  is  removed  and  re- 
placL-d  by  iu  fellow,  containing  a  solution  of  the  same  strength  of  potassio- 
I  sulphate  of  copper.  The  spectrum  of  the  visual  rays  passing  through  the 
firs;  toriesponds  closely  with  that  of  the  actinic  rays  passing  through  the 
aecuod.  (For  a  fuller  explauaiion,  set  Moitetaiers  work,  pp.  183,  184, 
mnd  1S5.)  By  taking  away  the  curette  the  specimen  can  be  examined 
by  ordinary  UghL  The  objective,  which  can  be  replaced  by  one  of  the 
various  sizes  of  landscape  or  portrait  combinations,  Is  so  mounied  as  to 
be  cosily  centred  by  screws.  Between  the  objective  and  the  curette  is 
a  frame  10  hold  the  object,  and  which,  by  moans  of  screws,  centres  the 
•objeu  and  renders  its  surface  periiendicular  to  the  [>encii  of  light.  The 
distances  between  tlie  condenser  and  the  curette,  (he  latter  and  object, 
«nd  tlic  object  and  the  objective  can  be  varied  at  pleasure.  The  screen 
•nd  Kn&itive  plate-holiicr  are  ananyed  on  a  car,  so  that  they  can  be 
nujTcd  up,  down,  to  the  right,  to  tlie  left,  or  inclined  in  any  direction 
from  tlvc  peipcndtcular,  to  compensate  for  any  obliquity  in  the  surface  of 
Ihe  objca.     The  screen  in  a  [>iece  of  plate-glass,  covered  on  one  side 

^w■i^h  white  and  on  the  other  with  yellow  ixaper.  The  holder  will  lake  a 
Kmitive  plate  from  4  inches  by  4  inches;,  to  one  (3  inches  by  20  inches; 
Tbc  uatk  on  which  the  car  moves  is  40  feet  long.  A  disl-incc  ap|iruaeliing 
(hb  tstmly  retjuirwl  when  a  landscajie  or  portrait  combination  is  used  to 
oliuiti  a  large  field.  A  contrivance  of  pulleys  for  focussing  can  be  used 
•*  any  point  along  the  track.  When  the  screeli  is  some  distance  from  the 
window  the  arranging  of  the  ubjoci  and  coarse  focussing  is  done  near  the 
vmdov  while  the  screen  is  seen  by  an  opcia-glass.  When  the  exiKisure  is 
longcs'  than  a  second,  the  time  is  noted  by  a  pendulum  beating  seconds. 
In  sboner  cJiposuics.  when  very  low  powers  arc  used,  a  guillotine 
vtingoDcnt  stands  just  behind  the  objective,  and  as  it  dnjv<&  aUo'Nt  a. 
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slit  to  pass  across  the  pencil  of  light.     Only  &s  the  slit  posses  does  s 
light  ffom  tlic  objective  reach  the  sensitive  j^te.     The  mcchantan 
the  guillotine  is  such  that  it  can  be  adjusted  to  expose  accunitcljr  ( 
one  second,  one4uilf,  oneKjuarter,  one-eighth,  or  one-tenth  of  a 
Somrtimcs,  even  when  the  landscape  or  portrait  combinations  are' 
the  field  is  nut  as  large  as  rtniuired.    In  such  cases,  Mr.  Dcccke ' 
the  object  into  square  portions,  by  spider  lines,  and  photograi 
of  these  separately.    The  prints  arc  combined  to  make  ]ihoi( 
i8  inches  or  more   in  dtamcter.     In  this  way  exceediogly 
studies  of  the  topographical  anatomy  of  the  tierve  centres,  tl 
object  of  Mr.  Deecke's  photo-micrography,  have  been  obtainc 
important  factor  in  these  results  is  Mr.  Dcwkc's  skilful  nunipu 
with  hb  own  very  large  and  most  ingenious  microtome,  by  wt 
able  to  cut  sections  i  -400th  of  an  inch  in  thickness,  for  &li( 
inches,  through  even  the  whole  brain,  and  in  this  operation  be 
about  I '5  /Vr  crtit.  of  his  material    The  specimens  may  be 
by  all  powers  up  lo  Wales'  one-tenth  of  an  inch. 

8]».  Cauiera  «v^le«  to  ihc  ordlnarr  MlerMcvpe. — We  mal 
consider  the  plans  for  employing  the  microscope  and  camera 
Mr.  Shadbolt  recommends  the  draw  tube,  if  any,  to  be  remove^  M 
its  pbtce  supplied  with  a  lining  of  black  TelveL  The  microscope 
fixed  hoHEontally  on  a  board  or  table,  and  the  body  made  to  corrcqmi 
to  the  centre  of  the  aperture  left  on  the  removal  of  the  lenses  from  t) 
brass  setting  of  an  ordinary  camera.  The  intervening  space  bcii 
dosed  in  such  a  way  as  to  exclude  all  entrance  of  cxtianeoiu  1^ 
The  tlraw  chamber  of  the  camera  is  employed  to  vary  the  distaMg, 
the  image  &om  its  object,  but  is  usually  deficient  in  length,  he 
plan  for  elongating  this  chamber  is  needed.  Many  complain  tha 
using  the  microscope  in  this  way,  some  uncertainty  in  the  ecu 
and  liability  to  derangement  when  exchanging  the  focussing 
the  prepared  plate  arc  experienced.  Gerlach  adopts  a  very  difat 
arrangement.  The  camera  is  adapted  to  the  top  of  the  tube  of  1 
microscope  which  is  placed  upright,  pi.  LXXI,  p.  304,  fig.  r. 

ass.  Dr.  HMldax'a   CMBera. — The  instrument    proposed 
Maddox,  and  used  by  him,  curuiists  of  a  microscope  having  a 
joint  at  the  lower  end  of  the  stem  furnished  with  coarse  icrei 
llie  stage  slides  along  the  stem,  and  can  be  clam|>cd  to  it  by  a 
screw  against  a  guide  that  runs  along  it»  length.     This  stage 
vided  with  small  rectangular  movements  attached  to  the  part 
the  object  slide,  and  to  its  opposite  side  is  fixed  a  stout  tube  to 
achromatic  or  some  form  of  condenser.    The  main  part  of  the 
hollow,  and  receives  a  strong  tube  furnished  nearly  in  its  entire 
with  a  slot  that  works  on  an  internal  guide  fixed  inside  the  stem. 

This  tube  carries  at  its  near  end  an  aim,  at  right  angles  to  whidij 
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abou  t  ftw  inches  long  is  screwed  on  the  near  side,  and  on  the  opposite 
side  sui  julapier  js  filled  to  receive  the  screw-end  of  the  ohjcctive.  An 
apjirc^xitnate  focus  is  eflected  by  sliding  the  stage  along  the  stem,  and  the 
fine  motion  by  a  graduated  milled  headed  screw>pin.  This  pin  passes 
thrui^igh  the  tube  to  which  the  arm  is  fastened,  and  engages  in  a  thread 
cut  ir-t  ihc  wild  end  of  the  stein.  A  spiml  wire  coiled  in  the  inner 
tube    Twcts  on  the  arm  when  the  milled  headed  screw  is  withdrawn. 

Tfcc  whole  of  these  arrangements  arc  fixed  firmly  by  the  screw  and 
Ml   at  the  jointed  ends  of  the  stem,  to  a  rectangular  cross  piece  of 
j-iSch;  iron  Nar  about  two  inches  wide,  the  screw  passing  through  a  hole 
ir  its  centre.    This  cross  piece  is  turned  down  at  right  angles  on 
zh    side   so  as  to  bring  the  centre  of  the  short  microscope  tube 
the  centre    uf   the    camera,    then    again  turned  at    right    angles 
ind   finuly  !>crewed  to  a  stout  base-board  of  deal  1^  inches  thick, 
17  inches  wide,  and  48  inches  long,  and  clamped  at  each  end  to  pre- 
rcnt   warping.      This  is   supported  over  a  wide    movable    triangle, 
kvii\g  stout  double-hinged  triangle  legs  of  a  height  convenient  for 
m  operator  (3  to  4  feet),  pi.  LXXI,  p.  30.1,  fig.  a  A.    About  i»  inches 
»m  the  end  of  the  base-hoard  where  the  microscope  is  fixed,  is  hinged 
stout  square  frame  with  a  sliding  door  having  a  fcnlral  aperture  to 
1II0W  the  end  of  the  microscope  tube  To  work  through.     The  inside  of 
le  aperture  is  lined  with  leather,  and  a  thick  velvet  collar  is  made  to 
lide  along  the  tube  and  a.but  against  the  aperture  in  the  door,  so  that 
?tien  in  U5«  the  entrance  of  any  extraneous  light  is  effeclually  prevented. 
ic  fnunc  with  door  is  turned  on  its  hinges,  until  it  stands  exactly  at 
jht  angles  with  the  axis  of  the  microscope,  and  is  kepi  firmly  fixed 
Fin   this  position  by  two  stout  brass  struts  with  clamping  screws,  ihat 
\nsc  from  the  base-board  on  each  side  of  the  frame  at  an  angle  of  60". 
JAi  the  opposite  end  of  the  stout  plank  is  placed  an  ordinary  camera 
[with  a  movable  door-front  ha\-ing  a  /arffi  central  apenure.    One  end 
lof  on  expanding  bellows  body  is  fastened  to  it,  the  other  end  being 
■attached  to  the  door  that  slides  into  the  venical  frame.    This  bellows 
[pert  is  nude  of  two  thicknesses  of  black  tn-illcd  calico,  having  pasted 
[Viijwen  them  a  corresponding  si^ed  sheet  of  stout  brown  paper,  and 
[folded  into  ooe-inch  plaits  when  damp,  then  turned  over  square  to  the 
corresponding  to  the  sliding  doors,  the  comers  bent  down  like  the 
sllows  of  a  common  accordion,  and  the  overlapping  edges  which  arc 
iiTkcd  so  as  10  face  the  base-board  arc  double  sewn  together  through- 
it.  their  length  ;  or  for  this  may  be  substituted  a  body  of  black  calico, 
fcreble  thickmss,  attached  at  each  end  to  the  doors,  and  kept  apart 
I^t^rally  \iy  ebstic  bands  sewn  along  its  four  edges,  lengthwise.    Tlie 
is  mode  to  slide  along  the  supporting  board  between  wooden 
i^ies  screwed  to  its  upper  surface  near  the  sidai,  extending  from  the  near 
I  to  the  vertical  frame.    These  have  small  holes  at  corre^Muding  equal 
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distances  of  half  an  inch,  and  projecting  from  each  side  of  the  body  of  the 
camera  is  a  pierced  horir-ontal  Itdgc  of  braja  plite,  alioiil  5-Sths  of  an 
inch  wide,  that  travels  over  the  upper  sur&ce  of  ihe  guides  on  ^  to 
and  fro  movement  of  the  camera,  a  movable  pin  on  each  side  fixing  it 
in  the  place  desired.  These  apertures  are  numbered  according  to  the 
inches  i,  3,  3,  &c,  from  the  frame,  and  thus  are  of  sen-ice  to  note  the 
distance  at  which  the  f-cnsitiacci  plate  is  placed  from  it  or  from  ibe 
stage.  Memoranda  being  kqit,  the  same  ranges  can  be  easily  repeated. 
The  draw  chamber  of  the  camera  has  its  ow-n  foctissing  ktcw  which  is 
of  use  occasionally,  but  it  is  not  necessary. 

Two  diaphragms  of  blackened  stout  card  are  placed  within  the 
chamber  of  this  elongated  camera,  one  near  to  the  venical  frame  or  at 
the  junction  of  the  twllows  part  with  it  in  front,  and  the  other  is  placed 
in  a  grooved  frame,  that  slides  in  a  wide  cut  made  in  the  inner  suHace 
of  the  underside  of  the  draw  part  of  the  camera.  This  frame  holder 
takes  diaphragms  with  various  sized  apertures,  acconling  to  ^e 
dimensions  of  the  image  of  the  object  or  the  glass  phtes  employed. 
Sliding  this  forward  or  backward  in  the  camera  alters  the  rdaiive  siic 
of  the  field  according  as  the  camen  is  used  expanded  or  closed,  lite 
camera  is  either  dcad-blackencd,  or  lined  with  black  cotton  velvet,  snd 
the  tuln*  of  the  micToscojje  inside  is  well  covered  with  optician's  char- 
coal black,  or  lined  with  black  velvet,  which  is  better.  Tlie  mirror  or 
prism  is  set  on  a  separate  arm  iixcd  to  the  base-board  in  a  line  with  the 
stem  of  the  microscope,  so  that  the  axis  shall  correspond  vnth  the 
axis  of  the  objective.  The  apparatus  can  be  put  together  very  quickly, 
or  may  be  kept  ready  for  use.  It  is  of  a  size  (hat  permits  of  its  being 
moved  about  easily,  and  it  possesses  considerable  firmness. 

TTie  microscope  ponion  cnn  be  supplied  by  any  form  of  microscope 
that  will  tnkc  the  horizontal  position,  and  ]>crmit  the  eye-piece  end  of^^jj/ 
the  work  through  the  central  aperture  in  the  front  of  the  bdlow)— -.^^^ 
chamber,  provided  means  arc  taken  to  effect  rigidity,  and  completdip  y- 
shut  out  the  outsitle  light  around  the  ajienurc  when  working  the  nd^^^ 
for  the  coarse  adjusbnent     Dr.  Maddox  prefers  a  tube  shorter  *^*  ^^.j 
the  usual  body  of  the  ordinary  microscope,  which  sometimes  nano*'^, 
the  field  too  much  when  the  camem  is  nearly  closed  on  the  verric^,^ 
frame.    The  tube  consists  of  two  parts,  one  an  inch  in  diameter  fix^s^I 
to  the  arm,  the  other  i  j4  inches  in  diameter,  that  slides  throtigh  t*^ 
aperture  in  the  door.    On  the  open  end  of  the  latter  fiw  a  dead  Uflc:*- 
ened  brass  cap,  from  the  inside,  with  a  slight  internal  projecting  le<3B<< 
which  acts  as  a  diaphragm  with  a  large  opcnii^ 

Tlie  description  will  be  more  ea.sily  understood  by  a  reference    ** 
pL  LXXl,  p.  304,  which  represents  llic  instrument  partly  in  section.  'f*^i 
camera,  when  drawp  out  to  its  full  range,  however,  has  this  objecii*'''] 
the  operator  is  obliged  to  withdraw  the  head  from  the  fociosing  Kf^*^i 
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al  ^  time  of  making  any  alteration  in  the  fine  motion.    A  lever 
vnogcmcnt  Kas  been  used  to  obviate  this,  but  if  employed  with  the 
higli  powers  it  is  extremely  difficult  to  prevent  a  slight  slip  of  the  screw. 
Mt  L^  employed  a  Icwr  crank  and  arm  over  the  top  of  the  camera, 
•orking  on  the  milled  head  of  the  coarse  rack  and  pinion  motion. 
Frofcssor  Rood,  of  Troy,  N.Y.,  also  made  use  of  a  rod  and  lever 
beneath  the  camera,  acting  on  the  rack  work,  and  a  hinged  miiror 
placed  this  side  of  the  ground  glass  to  receive  the  image  trajismltled 
lo    it  while  arranging  the  object  on  the  stage  plate,  and  attending  to 
tW  tUumination.     Dr.  Maddox,  who  has  much  improved  the  hefore- 
nteotkmed  apparatus,  after  tr)'ing  several  methods  for  supporting  the 
nA,  gave  the  preference  lo  tliat  described  under  his  method  of  working 
Wthoul  a  camera  in  a  darkened  room.     The  rod  may  be  placed  beneath 
tfui  tiasc-board,  in  which  position  it  is  less  liable  to  accidcnt-il  disarrange- 
ment, but  in  this  case  a  stronger  microscope  will  be  re(]ijircd.    Messrs. 
''owrdl  and  l^and  ha^x-  Litely  made  for  mc,  according  to  some  sugges- 
oonsof  Dr.  Maddox,  a  stand  which  is  steadier  and  possesses  some  ad- 
"^ntages  over  that  just  described. 

The  chief  requirements  in  any  form  of  camera,  independem  of  the 

Ibjcctire  and  mode  of  illuniination,  are  general  fadlity  of  management, 

^on»pactne»8  within  a  moderate  range  of  extension,  correct  centering, 

flm  /rvm  vibration,  and  the  total  cxcluaon  of  all  light  except  that 

ich  enters  by  the  object-glass. 

san.  Pr.  VAdda:!'*  .IrraiiiTMii^nt  fitr  Working  without  a  rMiM-ra. 

■In order  to  take  photographs  without  a  camera,  a  room  has  been  fined 

'P    by  Dr.  Maddox  as  a  dark  chamber,  the  top  sash  of  liie  window 

"*^Hj  datkencdr  and  the  pL-ice  of  the   lower  sash  when  thrown  up 

supplied  by  a  shutter  with  a  large  cenir.1l  ojiening  :  an  oblong  apeiture 

**>st8al  tJte  right  side  of  the  shutter,  protected  by  a  frame  glazed  with 

y^  lew  glass,  which  slides  up  and  down,  and  is  kept  m  position  by  a 

spring.     The  aspect  happens  to  be   direct  S.W.,  and,    unfortunately, 

**t^-  much  exposed  to  the  strong  south-westerly  winds  ;  therefore  to  try 

'*^  prevent  the  tremor  occasioned  by  such  a  large  surface  as  the  shutter 

^^ords,  no  part  of  the  microscope  is  fixed  to  it,  but  rests  on  a  long  stout 

"**«-board,  supportc<l  on  four  double  triangle  legs.     The  shutter  end  is 

*^^**nped  by  two  screws,  and  upright  piece  at  right  angles,  pierced  to 

f^^^T'init  the  attachment  ofa  3>4-inch  soW  condenser  with  its  small  con- 

**^*tting  lens,  the  mirror  of  which  is  passed  through  the  aperture  in  the 

"■^uiter.    This  is  worked  by  a  double  milled  head  from  the  inside,  the 

***»m(mio-8ulphatc  of  copjwr  cell  being  pLiccd  between  the  mirror  and 

"*  condensing  lens.    The  base-board  with  right  angled  head-piece  is 

^'^^v^t  a/nutst  to tffueh  tfif  shutter,  and  the  light  around  the  upright  piece 

5**^liiiJcd  by  a  thick  curtain.     The  microscope,  which  is  a  heavy  otu, 

*•  pbced  horiionially.    Depending  from  the  screw,  fastening  the  arm  of 
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the  inMnuDcnt  to  the  rack,  Ls  a  siiflT  piece  of  Rat  brass,  pierced  a!  iti 
lower  part  to  suppon  the  end  of  a  rod  suEpended  beneath  the  bufr 
board,  and  provided  at  the  end  with  a  grooved  pulley  cf  the  sane 
diameter  as  the  milled  head  of  the  fine  adjustnient,  which  is  ids) 
grooved,  a  small  endless  band  connecting  ttiem.  Tlie  de))ending  piece 
pa&scA  through  a  slot  cut  in  the  base^board,  equidistant  from  the  sido, 
and  permits  the  rack  of  the  coarse  motion  being  worked,  or  the  mmv- 
ment  of  Ihe  microscope  backwards  or  ronrardit,  the  rod  following  IL 
This  plan  was  recommended  in  the  last  edition  of  litis  work.  The  rod 
is  placed  beneath  the  board  to  be  out  of  the  way,  and  not  to  inietfae 
with  the  traversing  of  the  frame  which  carries  the  screen  or  sensiijw 
platfc  This  frame  is  mode  with  a  heavy  base  the  width  of  the  tioanl, 
and  lias  side  clamping  screws.  Sy  means  of  a  ceiitral  pin,  between  the 
two  parts  which  form  the  heavy  base,  it  is  capable  of  slight  co«alion  on 
its  vertical  centre,  to  compensate  for  any  want  of  pamllcli&m  m  the  foitt 
right  and  left  of  the  object,  or  for  stereoscopic  negatives.  The  s^pufi 
frame  is  hinged  lo  ihe  top  of  this  base,  to  allow  of  slight  nc 
forwards  or  backwards,  and  it  is  supported  at  the  sides  by  two 
struts  which  have  a  clatnptng  pin  on  each  side.  To  arrange  for 
of  various  sizes,  two  bars,  undercut,  slide  up  and  down  the  ujirights  ol 
the  frame  and  can  be  fixed  at  any  distance  apart  by  damping  m]t& 
The  movement  of  the  frame  will  often  help  to  secure  a  perfect  pai^ 
lelism  with  the  object  on  the  slide. 

The  screen  may  be  either,  i,  plane  finely  ruled  plate-gtass;  or,  a,  a 
collodion  prepared  plate  washed  over  with  a  little  albumen  or  tannin ;  or, 

3,  the  plate  employed  occasionally  by  Dr.  Maddox  ("Some  ckmdj 
filtered  stale  milk,  etilter  with  or  without  a  Utile  weak  solution  ti 
gelaiii>e,  poured  on  a  plate  of  glass  set  parallel,  and  dried  qutckly  ") ;  or, 

4,  the  plate  may  be  prepared  as  has  Ikto  recommended  for  ordiitaiy 
camera  purjioscs  by  Mr.  M.  Carey  Lea,  of  Philadelphia ;  thin  wdU 
boiled  starch  is  liltered  through  mushn,  then  poured  to  the  depth  of  the 
tenth  of  an  inch  on  toaclvan|KiUshedplateofg1ass,sct  level,  and  allowed 
to  dry  !(|K)nlaneousIy,  but  quickly.  It  must  not  be  put  in  a  drawer,  kr 
fear  of  it  drying  too  slowly  and  the  surface  being  irregular.  Or,  5,  as  i& 
Mr.  Wenham's  method,  p.  291,  the  image  may  be  examined  on  s  ari, 
held  like  the  glass  screen  or  sensitised  plate,  by  two  springs  htun  the 
transverse  sliding  bars. 

Dr.  Maddox  finds  the  general  appearance  of  the  image  and  the  coo. 
dition  of  the  field  to  be  best  seen  on  the  card  ;  therefore  he  uses  this 
placed  before  the  screen  and  resting  against  the  frame,  to  procure  the 
primary  focussing,  the  final  adjustment  being  made  by  the  rod  and  fine 
motion.  When  examining  by  the  focussing  glass,  tlie  image  on  the 
slightly  opaque  screen,  or  on  a  thick  card  substituicrd  for  it,  a  hand 
magnifier  is  used  to  examine  the  detail.     In  front  of  the   exposed 
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DR.   MOITESSIERS  ARRANGEMENT. 

t^C  a  diaphngm  is  arranged  to  exclude  extrantxius  li^it,  while  the 
-  ^^  ^bout  the  stage  of  the  microscope  an  wtU protKUd  from  the  light 
V^jj^B..^d  through  the  slide  from  the  siib-stage  condenser. 

^^__^  though  ihLs  plan  is  very  convenient,  and  jwrmits  us  to  have  cver)-- 
tVtii^S    tD  be  rea«iy  at  hand,  ii  may  be  as  well  to  point  out  some  of  its 
^ggg^-vantages.     It  is  difficult  to  see  the  state  of  the  sky;  hence,  after 
.^^.T\%  the  sensitised  plate  in  the  frame,  a  cloud  approaching  unnoticed 
^sY  ^*  °'*^^  obscure  ihe  sun  and  cause  the  loss  of  the  plate.    In  the 
«c(  collodion  pnxess,  dust  is  liable  to  settle  on  the  nirface.    Again,  for 
opaqve  objects  which  require  a  side  illumination,  as  in  the  combined 
"ijii'i'  II  fw  tbe  stercoscoix.-,  the  necessary  deviation  must  be  procured 
\^  prisms.     Even  if  the  Licl>crkuhn  with  a  portion  of  \i%  sur&ce  stopped 
out,  ind  the  dark  wells  or  stop<i,  spot  lens,  or  M.  Nachet's  cone  be 
tts«l,  there  will  be  conuderable  danger  from  leakage  of  light  and  a 
teggA  plate.     Moreover,  the  eyes  become  fatigued  if  kept  long  under 
jtHow  light 

The  plan  for  using  some  form  of  draw  camera  is  to  a  great  extent 
'finee  Irom  these  defects,  and  the  method  proposed  by  Dr.  Moiu;ssier  in 
his  work,  to  which  allusion  was  made  in  the  early  part  of  this  chapter, 
tppean  so  useful,  that  I  shall  briefly  notice  the  chief  points.  The 
rope  arranged  horizontally,  with  a  grooved  bar  projecting  beyond 
the  base-board  to  cany  the  mirror,  sulphate  of  copper  cell,  ground 
glass,  and  diaphragm,  is  centmlly  attached  to  an  expanding  camera. 
The  dark  box  or  part  where  the  focassing  screen  is  placed,  has  one  of 
T>;..-  sides  to  open  with  hinges  as  a  door,  and  the  operalor  seateil  by  the 
:>'.-io  of  the  instrument,  with  or  without  a  cloih  drawn  over  the  head  to 
exclude  the  surrounding  light,  examines  the  image  from  the  side 
opening,  either  with  or  wiiimut  a  magnifying  glass,  the  right  hand  being 
occupied,  in  the  necessai>'  anangeinent  of  tiie  object  and  the  illumina- 
tion ;  the  pbte  being  ready  in  the  dark  slide,  and  the  side  door  closed 
light~light,  it  is  inserted  and  exposed  uithotit  \o%%  of  time. 

Dr.    Moitcssier  ha^  likewise  recommended  a  slide  with   adjusting 

motJons,  so  as  to  expose  different  parts  of  the  sensitised  plate  which 

,  vidioat  «  camera  box  b  placed  immediately  on  the  end  of  the  tube  of  the 

[microscope  which  is  arranged  vertically.   Thus  small  but  very  perfect  re- 

ipvcBcntaliotts,  adapted  for  futun:  cnloigement,  or  for  being  viewed  in  the 

^atei<eocoo[>e,  may  be  secured     He  also  speaki  highly  of  the  immersion 

Jectives.  Dr.  Moitc&sier  also  employs  an  ingenious  method  for  rendering 

,  opaque  objects  with  the  honzontal  microscope  and  low  powers.  The  object 

is  placed  on  the  stage  of  asm.-)  1 1  vertical  microscope,  and  the  light  thrown 

on  tlic  object  by  a  small  plane  mirror  from  above,  which  rcccivc<)  the 

solar  rays,  after  they  have  been  converged  from  a  larger  mirror,  by  an 

achromaiic  lens.     This  and  the  smalt  Hat  mirror  are  supported  by,  and 

slide  on,  an  upright  stem,  to  meet   the  necessary  adjustnicnts.    The 
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objective  is  attaclied  to  the  end  of  the  microscope   tube  at 
angles,  a  prign  with  total  internal  rcBection  being  (ixct)  at  the  j 
The  focus   is  obtained  by  the  rackwork  acting  on  the  small 
For  very  low  powers  or  securing    the    enlargement  of  only  a 
diameters,  as  in  injcrteii  specimens  and  entire  insects,  a  small 
combination  is  attached  to  the  microscope  tube,  and  the  jmsn) 
in  front  of  it  at  right  angles. 

asi.  Arran^mfBt  mt  nn.  Abercrombtr  and  WlUon. — Dis. 
crombie  and  Wilson,  of  Cheltenham,  have  met  with  great  soccets 
Artificial  illumination.  These  gentlemen  use  a  blackened 
8  feet  in  length ;  the  focussing  box  of  an  ordinary  camera  with 
focussing  screen,  the  microscope  and  illuminating  apparatus  bdiit 
kept  in  a  straight  line  by  side  strips  of  wood.  The  microsoipe' 
movable  on  a  sliding  board  and  can  be  clamped  at  any  distsao^ 
the  camera  \x>x  and  microscope  made  to  approach  or  recede  from  OK 
another  iinyly  or  logclhcr.  A  couple  of  strips  of  blackened  wood  M 
attached  to  tlie  eye-piece  end  of  tlie  tube  of  ilie  microscope,  and  broa^' 
lightly  diverging  to  the  top  of  the  camera.  The  whole  of  this  ptf 
U  covere<I  with  black  velvet,  pile  inwards,  and  well  secured  fnm  OO^ 
side  light  .11  all  parts,  e&peci.illy  round  the  tul>e  of  the  inslrumcnl. 
base-board  can  be  set  on  any  steady  tiiblc  or  .<nippoTl.  'Hie 
screen  is  of  glass  covered  with  colludion,  sensitised  and  covered 
solution  of  tannin.  The  draw  tube  of  the  microscope,  if 
removed  and  the  tube  lined  with  black  velvet.  The  correction  fo* 
want  of  concordance  of  the  actinic  and  visual  focus  is  efTectcd  by 
is  called  "turning  out"  The  coarse  or  rack  adjustment  is 
focussing.  By  means  of  a  lever  arm  which  at  one  end  clamps  the 
lie.id,  and  at  the  other  is  attached  to  a  long  rod  resting  at  the  side 
app-iratus,  a  very  delicate  njovement  is  obtained.  The  fine  adj 
is  left  lo  regulate  the  com|>t:nsation  required  between  the  chemical 
\asual  foci,  and  to  mark  this  more  easily,  a  "  dial  plate  of 
attached  to  the  body  of  the  microscope,  whilst  a  wire  which  is 
at  one  end  so  as  to  clip  the  milled  head  of  the  fine  focussing 
9t  the  other  uiicd  as  the  index  point  for  the  dtnsions  of  the  card. 

The  condenser  recommended  is  a  3-indi  ibcus  bull's-eye  km; 
its  convex  side  lo  the  source  of  light,  and  in  conjunction  with  ll 
objectivo  next  below  ihc  one  in  use.     Oil  lamps,  oxy  calcium  and 
ncsium  tights  have  been  used,  but  the  last  is  preferred,  and  the 
burnt  in  preference  by  successive  Hashes.     To  secure  the  pmnt  d 
being  in  a  proper  position  "a  small  telescope  upright,  of  braJB, 
latcd  by  a  screw,  is  fixed  to  a  block  adapted  to  slide  in  the  si 
common  to  the  microscope  and  light ;  at  the  aftex  of  the  brass  upi^ 
is  fixed  a  small  tin  guuer  or  pipe  of  sulTiciem  ca|)acity  to  admit  the  «!/'', 
easily  and  diverted  down  at  an  angle  of  45V'    A  movsUc 
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I  pin-hole  apertuie  Is  recommended  in  the  preliininar;  arrangement  for 
.  securing  the  exict  posiuoo.    About  ^  of  on  inch  of  the  wire  b  exaaly 
opposite  the  pin-hole. 

The  camera  is  set  to  certain  lengths,  so  as  to  give  images  of  the 

objects  of  X  de&nitc  sice.  The  "  turning  out "  consists  in  actually  testing 

each  ohjecrivc  for  the  number  of  turns  or  pans  of  a  turn  of  the  fine 

focussing  screw  by  means  of  the  dial  card,  to  make  the  correction  for 

(he  actinic  focus.    The  same  result  may  be  obtained  by  withdrawing  the 

focaising  screen  to  the  point  vrliere  by  trial  the  true  actinic  focus  has 

been  found.     la  the  high  powers  this  correction  for  the  actinic  focus 

may  be  almost  disregarded.    In  the  "  Popular  Science  Review,"  No.  22, 

■867,  wilt  be  found  on  tUuslrated  memoir  by  Dr.  Wilson,  in  which  full 

particulars  have  been  given,  and  from  which  the  foregoing  remarks  have 

been  rnken. 

The  ttme  of  exposure  for  wet  collodion  plates  varies,  and  should 
tocrease  according  to  the  colour  of  the  object,  and  the  d(^;ree  of 
OilafgcmenL  A  tolerably  light  object,  magnified  fifty  diaroctets,  may 
need  ten  minutes  with  the  oil-lamp.  By  placing  a  small  vessel  of  warm 
«alct  in  the  camera,  to  keep  the  collodion  plaic  moist  by  its  vapour, 
Del  Abcrcrombie  and  Wilson  have  cxjiostd  plates  forty  minutes  with 
.fioceas.  Some  of  the  prints  from  these  gentlemen's  negatives  are 
ikably  good.  They  posjjess  a  peculiar  delioicy  in  the  half-tones  and 
dows,  with  much  roundnesii  of  the  objects,  but  the  definition,  as 
H([ht  be  expected,  does  not  quite  equal,  in  some  of  the  finest  markings, 
obtained  from  sun  negatives.  However,  all  of  the  general 
cterislic  appearances  of  the  objects  are  exceedingly  perfect,  and  ihc 
of  the  apparatus,  and  the  immense  advantage  of  efficient 
linaiion  in  all  weathers,  arc  great  advantages. 
tn.*  i»r.  M*rc«r'B  iNninunciK. — Dr.  A.  Clifford  Mercer,  of 
cu«ie.  New  York,  has  constructed  an  instrument,  the  general 
ngemcnl  of  which  will  at  once  be  clear,  if  the  figure  on  page  509  be 
referred  ta  Instead  of  the  usual  base-boaid,  the  apparatus  rests  on  a 
6ame-work,  as  being  less  liable  to  warp,  which  is  supported  by  legs. 
The  front  of  the  frame  is  circular,  and  its  centre  corresponds  with  a 
Jetpendicular  axis,  about  which  turns  the  brtr  with  the  mirror  and 
r,  and  about  which  also  turns  the  object -holder.  The  edge  of 
circular  part  is  divided  by  degree  marks.  The  bar  and  lighting 
iratus  can  be  fixed  to  illuminate  a  transjiorem  object  by  light  of  any 
rcijutiod  obliquliy,  while,  by  turning  the  bar  far  enough  round,  it  will 
Jl,  in  a  similar  way,  opaiiue  objects.  The  object-holder  consists  of 
lings,  between  which  the  object  slide  is  held  by  clips,  with  its 
surtice  resting  against  the  ring  towards  the  objective,  the  thin 
glass  really  entering  the  ring;  The  object  is  thus  made  to  coin- 
:  w  iih  the  tur&Kc  of  this  ring,  through  which  passes  the  perpemliculat 
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axis  before  spoken  of,  and  about  which  the  objea  can,  thercfon;  Irt 
turned,  the  axis  really  passing  through  the  objecL    This  b  of  groK 
importance  in  taking  stereoscopic  photo-nucrograph&    The  d^ree  of 
inclination  to  the  right  or  left  is  regulated  by  a  screw  on  eitbci  side 
pushing  per[>en<licular]]r  against  the   condenser  surface   of    the   rinic 
tow;ird!i  the  condenser.     'Jo  keep  the  li^lu  at  the  same  obhi[uity,  the  i 
lighiing-l>ar  is  turned  to  the  right  or  left  thim^li  the  same  an^e 
that  through  which  the  object  is  turned.    To  the  ring  towards  tbel 
condenser  a  diaphragm  is  listened  (not  shown  in  tht-  figure),  which! 
aho  turns  about  the  perpendicular  axis.    The  cone  of  the  rondcnseri 
contains,  at  the  large  end,    a  convex  lens  and  an  ammonio-sulphalcj 
of  copper  cell,  and  at  the  small  end  a  concave  lens,  which  can 
replaced  by  conrex  lenses,  so  that  pandlel,  cooveiging,  or  divergiii^l 
rays  can  be  thrown  u|>on  the  object     (&fpL  LXXII,  Bg.  8,  }l  j< 
Moilessier's  diagram.)    'J'he  Rev.  Mr.  Read  explains  {ste  p.  311)  howaj 
in  his  condettser,  the  heat  of  Ihe  sun's  rays  may  be  much  reduced,] 
but  in  the  convex  and  concave  combination  even  more  beat  b 
rid  of,  because,  while  the  concave  lens  renders  the  inner  cone  of 
rays  from  the  convex  lens  parallel,  the  less  converging  heat  nys  of 
outer  cone  from  the  convex  lens  will  be  divergent  after  passir^  ihre 
the  concave  lens.     If  a  thermometer  bulb  be  placed  in  the  beam 
parallel  rays  from  the  ronravc  lens,  the  mercury  does  not  rise  mc 
than  a  degree  or  two,  while  the  convex  lens,  without  the  ammc 
sulphate  of  copper  cell  or  the  cqncave  lens,  sets  fire  at  once  to  a 
of  [taper  placed  at  the  focus.     The  mirror  is  mounted  equatorily, 
order  that  it  may  be  easily  moved  by  the  hand.     In  order  to  keep ' 
lighting-bar  in  the  meridian,  the  circular  part  of  the  ftame  is  of 
parts,  the  one  resting  upon  the  other.    The  projecting  end  of  the 
can  be  fixed  to  tlie  under  part  of  the  frame,  which  is  firmly  suppoflof] 
on  three  legs,  while  the  upper  pan,  together  with  the  camera-box.  &c,  [ 
turns  about  the  same  perpendicular  axis  already  mentioned ;  thus  « 
may  obtain  light  of  any  degree  of  obliquity  on  the  object  that  may  Ic 
desired.    The  focussing  is  effected  by  means  of  a  long  rod,  which  rertsj 
on  the  top  of  the  camera  box,  reaching  from  the  plate-holder  10  the  I 
which  projects  upwards  from  the  focussing  wheel    The  focujsii^  | 
is  fir^t  covered  with  a  him  of  milk  or  starch,  and  wtien  dry  thnre  or 
half-inch  spots,  in  a  horizontal  middle  line,  are  to  be  made  in  the  SIt 
and  the  glass  cortespooding  to  the  spots  perfectly  deaned.    The 
is  |)laced  in  the  sensitive  plate-holder,  the  door  aivd  slides  of  whkb : 
open.    The  foctu  is  first  obtained  as  sharp  as  pos^blc  on  the 
Through  the  upright  part  of  the  block,  seen  just  behind  the  pi 
slips  a  tube  fitted  with  an  eye-piece  and  a  low  power  objcctire. 
block  moves  equally  across  the  frame.    The  mirroAcope  is  Ibcossed 
the  ftUn^  and  then  moved  to  the  right  or  left,  to  be  opposite  in 
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to  the  clean  s]iots.    When  the  image  seen  through  thcat  places  b  not 
perfect,  the  fine  focussing  is  finished,    '["he  bade  half  of  the  camen 
into  the  front  half,  to  vary  the  distance  between  ihc  objcctivi.-  and 
plate-holder.    The  exposing  is  done  by  means  of  a  thin  bniu 
which  drops  between  two  strong  plates  of  brass,  fastening  the 
scope  tube  to  the  front  of  the  camera  box.    The  shutter  in  the 
at  it3  h'^hest  point,  and  is  held  there  by  a  block,  seen  just  below  tL 
light  passes  from  (he  tube  into  the  camera  box.     If  the  block  hi 
drawn  a  little,  the  shutter  fells  until  it  strikes,  with  a  dead 
cushioned  step  at  the  end  of  the  block,  not  seen,  and  allows  the  l^i 
pass.    If  now  ihc  block  be  wholly  withdrawn,  the  shutter  faOt 
stopjwd  by  [irnjccttng  shoulders  at  its  upper  end,  and  again  no 
allowed  to  pass.    The  plate-holder  is  twice  the  necessir>-  lengtlt,  aaS, 
constructed  that  first  the  one  half  and  then    the    other  lixlf  cie 
expo»ed^<  convenience  of  espe<-ial  use  in  taking  photographs  fqr 
stereoscope. 

SSS.  or  tbf  lUumlnmtlOTi :  annllKtai :  JIaoof-liroiiiaUc 
raiartKinc  AppKratiia.^Doth  sunlight  nnd  nrtifiml  light  liave 
used.  Dr.  Maddox,  with  the  majority  of  observers,  gives  the  p: 
to  sunlight  in  all  cases,  and  nearly  always  uses  some  form  ofcuai 
JTc  usually  dispenses  with  the  mirror,  and  substitutes  one  of 
•^chroraalic  condensing  prisms,  placed  at  such  a  distance  from  ihc 
(if  used  alone)  tlial  its  ruys  should  cross  just  before  reaching  it 
wise  the  intense  heating  power  at  the  vertex  of  the  cone  of  rati 
damnge  the  object,  and  might  even  unccnsent  the  lenses  of  the 
objc<':tii*es,  especially  when  the  object  Is  only  enclosed  betwca 
pieces  of  the  thinnest  covering  glass,  and  the  focus  very  dose.  1W' 
prism  he  seldom  employs  alone,  but  places  a  condenser  in  the  tahtA 
the  back  of  the  stage.  A  small  Cixl'.Iingion  lens  about  15 
aperture,  served  him  in  the  earlier  part  of  his  experiment&  Tin 
made  to  slide  nearer  or  farther  from  the  object  Latterly  he  hu 
Soltitt's  achromatic  condenser,  as  it  furnishes  a  Lirgcr  field  and  it 
free  from  spherical  aberration.  This  condenser,  as  described  "iff 
originator,  co;isists  of  two  achromatic  lenses  with  their  plaiK 
iumc-<I  towards  the  object,  and  respccti\-ely  of  2  and  4  inches 
placed  at  the  distance  of  1^  inches  apart  with  a  diaphragm  be 
them.  The  4-inch  focus  lens  has  a  diameter  of  1 J^  inch,  the  >-< 
focus  lens  a  diameter  of  ^  of  an  inch.  Here  then  we  l)a\T  a  bod;  tf 
light,  and  a  field  beautifully  illuminated  when  used  cither  with  the  ji« 
mirror  or  the  prism.  A  series  of  diaphragms  slip  Into  the  cap  covtrini 
the  small  lens,  which  is  turned  tow-irds  the  object.  Sometimes  Dt. 
Maddox  employs  an  achromatic  doublet  of  about  as^  apcrtaic,  or  »■ 
achromatic  condenser  of  larger  angular  aperture  Although  theoi^ 
cally  the  angular  aperture  of  the  higher  objectives  is  narrowed  by  the* 
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noderate  apenurcs,  pracricnlly  the  intensity  of  the  illumination  appears 
to  compensate  in  a  remarkable  manner.  Thu  common  plan  is  to  use  as 
icondenser  the  objective  next  below  the  one  used  to  render  the  phuio- 
papbic  image ;  but  if  any  form  of  solar  condenser  be  employed  by 
wtiid)  the  ny»  become  more  conccniratcd,  the  (greatest  core  must  be 
tikea  to  avoid  injury  lo  the  lenses  by  llie  intense  heat. 

Dr.  Maddox  has  lately  used  two  large  ptano<onvex  lenses  super- 
posed with  a  Urge  central  stop— the  method  described  by  Dr.  Woodward 
in  one  of  his  communications ;  also  the  condenser  of  two  or  three  plano- 
cunrex  lenses  as  recommended  by  Mr.  Wcnham,  but  with  movable  stops 
or  ditphragms  ;  the  latter  are  placed  nearer  to  or  farther  from  the  largest 
Icm,  the  distance  being  regulatctl  by  trial.  Professor  Rood,  of  N'ew 
Vork,  for  his  highci  powers  employed  a  Wolla^lon  doublet,  having  an 
Ugnlar  ajKrtan:  of  44"  as  a  condenser.  He  used  one  of  Liebig's  sil- 
Wtd  mbrors  in  place  of  the  ordinary  amalgam  mirror.  M.  Neyt 
replKCS  the  common  solar  reffcctors  by  a  large  prism  with  parallactic 
nKKions.  To  condense  the  rays  an  achromatic  condensing  lens  of  2}^ 
inches  diameter  is  used,  and  to  concentrate  them  still  more,  three  other 
Cooraging  lenses  are  placed  in  its  focus  in  such  a  manner  that  they  can 
1*  used  together  or  separated  to  meet  the  power  of  the  objective.  He 
likewise  has  the  objective  corrected  to  make  the  chemical  and  visual 
Iw  Agree.  In  order  to  render  infusoria  stationary  while  diey  are  pholo- 
pifihed,  M.  Neyt  uses  a  voltaic  stage,  so  tlut  he  can  make  contact  with 
tile  poles  of  a  Daniel's  battery  or  induction  coil  at  the  proper  moment. 
'lie<,Iiock  suddenly  kills  the  little  beings  and  enablt^  him  to  secure  an 
"n^e,  when  otherwise,  from  their  rapid  movements,  it  would  be 
"Bpoasiblc,  and  only  in  very  rare  cases  would  the  living  animalcule 
I'BRuii  in  the  field  of  view,  or  in  the  desired  attitude,  for  a  sufficient 
nut. 

The  K.ev.  Mr.  Kcade  has  proposed  a  very  ingenious  mctliod  of  using 
*■"  hemispherical  condenser  with  a  solar  condenser.  The  raya  furnishing 
"^t  and  those  giving  heat  having  dlifcrcDt  degrees  of  refrangibiliiy,  we 
"***  here  the  cone  of  light-giving  rays  formed  within  tlic  cone  of  the 
''Waving  rays,  the  principal  focus  of  the  Litter  being  at  a  greater  dis- 
"**  from  the  lens  than  the  former.  M'hcn  these  rays  are  permitted  to 
*"*  the  axij^  their  respective  situations  are  reversed.  On  arranging 
^  hemisphencal  lens,  so  chat  it  shall  be  segKinited  from  the  principal 
^^of  heat  by  the  sum  of  its  own  focal  length,  the  principal  focus  foi 
'"ght  will  be  found  at  a  greater  distance  than  its  own  focal  length ;  hence 
"^  l^cu-giving  rays  will  be  rendered  parallel,  and  the  light-giving  rays 
*'^  be  made  to  converge  to  a  second  focus  furnishing  light  of  much 
^"'cniity  separated  from  tlie  heating  ra)s.  Means  for  using  an  achro- 
"***«  object-glass  for  iJie  solar  microscope  without  endangering  its  injury 
*^  Ihus  supplied. 
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Prafeuor  GcrUch  naa  a  plinoooavcx  tarn  vMiaQMKSffc 
These  are  f>i*ceA  at  such  (fittanoes  Mfan  ifaH  Ac  cvo  fad 
thecon^iex  smftceof  tbcfiluKMflavezlananmied  ivradt 

pi.  Lxxn,  sg.  7,  ^  joS. 

Or.  Woodward's  fba  has  been  alreKlj  advcilad  to  la  pp.  if 
Dr.  Moiteaier  gjves  the  foOowfng  DCllKid:  the  {lozattd 
tfae  ioUi  mirror  are  received  on  a  bMrocnrcx  lens  Bod  cmreyed  a 
oiber  cxiretaity  of  the  tube  lioldia£  ibe  lens,  bi  vfaicfa  ibdca  a 
pbixxooTex  lens,  mored  by  rack  and  pimoa  Acconfing  to  the  psat 
Hon  of  the  Utter,  the  emergeat  rays  are  roidcred  cUIkt  ptcalld  «: 
ritvcrging  if  placed  bejroad  the  pnodpal  Joan  of  tbe  Urge  IcM. 
placed  wilhin  the  luminous  cone  before  being  bcooghl  to  a  fbcat 
lajrs  are  rendered  more  coovergcm,  and  this  ffirms  the  genoal 
tnent  for  high  powenL  If  the  small  image  of  the  mo  thus  fanned 
made  to  coincide  with  the  suriace  of  the  object  to  be  pfaotogiaqibed, 
pbcBomena  of  interference  from  difTractioo  ate  avoided,  but  this 
an  aJicnuJon  in  the  res|)ective  dtsianceit  apart  of  the  lensca  for 
objectives,  or  the  same  objeaive  altered  in  its  focus  to  oonespood  « 
any  deviation  in  the  distance  of  the  screen.  He  likevisc  substituta 
the  small  condensing  lens  a  diverging  one  placed  ohtfain  the  focus 
large  lens  to  procure  a  cone  of  concentralcd  |jaraUel  rays.  Tbi 
be  again  rendered  convergent  by  a  small  lens.  He  alao  receives 
finely  ground  glass  the  converging  rays  from  a  large  coodenser 
longer  focos  at  some  point  bdbre  coming  to  a  focus.  This 
light  then  liecomes  a  radiant  for  the  small  condensing  lens.  Thus 
is  much  less  diflraction,  and  although  the  lime  of  cxpotnre  is 
aUy  increased,  the  plan  meets  the  general  rei]uiremenLs.  Tbe 
ceprcsenLed  in  %.  8,  pL  LXXIi,  p.  30S,  will  illustrate  these  diffi 
methods. 

The  mode  adopted  by  tlie  Abb^  Count  CasUacane  is  10  allow 
solar  rays  to  be  refracted  by  a  large  prism,  with  a  db; 
capable  of  giving  a  wide  spectrum  before  falling  un  the  cond 
a  diaphragm  being  inlerposed  to  allow  passage  only  to  the  rays 
blue  end  of  the  spectrum.  In  tha  way  homogeneous  li(^t,  in  whi' 
actinic  power  is  chiefly  situated,  is  obtained,  the  defects  ahsiiig 
chronutic  aberration  are  avoided,  and  a  more  perfect  de£niiion  resul' 
Dr.  Maddox  found  when  using  the  blue  cone  of  rays  formed  I 
.Abraham's  achromatic  prism,  a  great  tendency  in  the  object,  if  very  tfaj 
and  tninspaa-nt,  to  be  ajnfuscd  with  the  field,  and  the  negative  to  I 
useless  fur  obtaining  positives  for  the  Lmtem.  Care  ts  required  nuC  j 
employ  any  form  of  sub-st^e  condenser  of  a  larger  OMgttlar  operfmA 
than  the  objective  in  use.  Ttie  objects  should  always  be  6nil  sel 
and  ihc  suitable  objective  adaiHed,  and  ibc  mode  of  illi 
arranged  accordingly. 


_fi^ 


For  such  objects  as  are  of  a  more  or  less  non-actinic  colour,  as  some 
entire  iiuecta>  oi  thcii  various  parts,  Dr.  Maddox  also  tried  a  |>lnn  which 
tionsifted  in  giving  to  the  supporting  slide  a  coloured  transparent  varnish 
oC  the  same  tint,  or  by  placing  beneath  the  sUde-holdu  a  parallel  plate 
of  tinted  glass  chosen  to  suit  as  nearly  as  possible  the  necessity  of  the 
case.  But  the  best  results  were  obtained  by  using  a  slow  collodion,  a 
aore  add  bath,  and  giving  a  longer  exposure,  which  was  done  without 
bgffos-  ^f^^  of  these  results  were  exhibited  on  the  screen  before  the 
Xondon  Photographic  Society  in  December,  1864,  and  the  Microscopical 
iociety  in  March,  1865.  It  should  be  borne  in  mind  that  when  any 
loured  ucdium  is  placed  between  the  nairror  and  objecLi\'e,  it  has  the 
est  effect  when  placed  at  the  port  where  the  light  is  least  con- 
>Dtrated.  Also,  that  there  is  no  conversion  of  white  light,  but  simply  n 
tLnsmission  of  the  blue  and  closely  allied  actinic  rays  when  the 
i^XBonio-sulphate  of  copper  cell  or  blue  glass  is  used ;  hence  the  time 
exposure  must  be  augmented.  It  is  desirable  to  obtain  the  mono- 
kXXmiUK:  and  actinic  txy^  which  have  not  lost  so  much  of  their  power 
transtntssian  and  absorption ;  and  it  is  just  passible,  in  the  case  of 
bjects  which  can  be  mounted  in  fluid,  that  a  medium  may  be  found 
tiich  will  allow  us  to  employ  the  ordinary  methods  of  illumination.  It 
IS  also  been  proposed  to  focus  through  a  screen  of  polished  parallel 
uc  glass,  and  to  remove  tliis  when  tlie  sensitised  plate  is  buing  im- 
ressed.  Various  media  require  different  exposures  under  similar  con- 
Cioos  of  illumination ;  without  a  hcliostat,  rapidity  in  impression  is 
cssary  to  the  most  perfect  definition.  The  refracting  power  of  the 
turn  should  correspond  closely  to  the  refracting  power  of  the  object, 
time  of  exposure  varies  according  to  so  many  circumstances  that  it 
Tcs  one  of  the  chief  difficulties  in  photomicrography.  The  dUtance 
"  the  object  from  the  screen,  its  colour,  the  medium  in  which  it  may.be 
ounted,  the  media  through  which  the  sun's  rays  are  transmitted,  the 
ture  of  lite  first  incident  or  reUccting  surface,  the  actinic  power  of  the 
>%hi,  whidi  varies  considerably  at  different  hours  in  tlic  day,  the 
ndiiion  of  the  atmosphere,  and  the  number  of  lenses  of  which  the 
'fcjective  is  comixraeU — all  influence  the  period  of  exposure.  The  last 
'r»«TWe*  greatly,  the  lenses  in  the  high  powers  consisting  of  only  three 
ets,  and  the  first  a  single  front,  as  Mr.  Wcnham's, — being  the  most 
EX-rwA 

In  the  ordinary  Wolbston  doublet  the  chromatic  aberration  is  not 
i^ETCCted,  but  this  does  not  cause  any  serious  difficulty,  as,  by  vatying 
bs  distance,  the  blue  or  chemical  end  of  the  coni'eigii^  cone  of  rays  can 
>^  used  to  fumisli  a  field  of  bluish  light.     Some  considerable  care  is 

Fin  the  adjustment  of  the  condenser,  so  as  to  equalise  the  illumi- 
uid  avoid  sun  spots  when  the  mirror  is  used.  Mr.  Traer  got  rid 
bitter  by  making  the  distance  between  the  object  isA  coimuNc 
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minor  rather  more  than  its  focus.  Some  make  their  focal  arrangeiw-nci 
in  the  objective,  illurainatitig  the  object  willi  daylight  or  a  less  inlcnte 
illumination  thiin  is  to  be  used  in  talcing  ihe  photograph.  Dr.  Maddoi 
found  that  by  acting  thus  he  seldom  secured  the  best  focua ;  he  thert 
fore  prefers  to  focus  in  sunlight  condensed  uprai  the  object^  naag  as 
examining  eye -piece. 

The  polariiing  apparatus  may  he  used  for  the  productinn  of  photo- 
graphic images  of  some  objects  which  from  their  great  transparency  and 
delicacy  are  not  well  rendered  in  the  orilinary  way,  and  of  which  some 
detail  is  lost  by  using  common  light    The  polarising  prism  is  asunal 
placed  beneath  the  object,  the  analyser  directly  over  or  behind  the  objec- 
tive, and  the  best  a)>pearance  sought  by  the  rotation  of  the  lower  prian. 
Mr.  Tlios.  Davies,  who  has  published  in  the  "  Microscopical  Jo»ima!'(ar 
the  years  1S63  and  1864,  many  details  connected  with  the  application  oC 
photography  to  the  delineation  of  delicate  crystals,  states  that  he  Sods, 
when  the  object  appears  best  illuminated  by  the  ray  which  has  been  re- 
flected from  the  mirror  and  transmitted  through  the  polarising  prism,  th« 
image  in  the  camera  was  often  only  partially  distinct,  and  needed  ^ 
readjustment  of  the  mirror  to  procure  an  image  that  would  do<(op 
unifonnly.     He  employed  a  No.  i   eye-piece,  and  magnified  some 
of  the  crystals,  as  those  of  tartar  emetic,  to  50  diameters;  tanatc 
of  soda,  Buipliate    of  copper  and   magnesia,  and  pantonine,  to  ♦* 
diameters.     Excellent  woodcuts  from  these  photographs  were  pve« 
in  the  Journal  to  illustrate  his  observations.    To  these  I  must  reto 
the  reader, 

383.  Heii««t«t.~~M'hcn  using  sunlight  a  heliosiat  is  of  great  use,  <wl 
for  the  best  results,  a  necessity.    Until  quite  recently  this  has  been  > 
very  costly  instrument,  but   the   demands  of  photo-micrograjihy  »*" 
exjierimcnlal  sdcnre  ha%-c  brought  into  the  market  a  number  oTcbeJp'* 
forms.     An  instrument  maker  to  the  Government  in  Washington  <f^ 
stnicts  one  for  50  dollars.    John  Browning,  in  the  Strand,  sells  a  Bn|)* 
mirror   lieliostat   for  S/.   15J.     Pra^mowski,   1,  Rue  Bonaparte,  Par**" 
offers  a  two-mirror  heliostat  for  300  francs.     Professor  Lawrence  Smi*''' 
of  Kenyon  College,  suggested  to  Dr.  Maddox  a  simple  armngcmcnt  f" 
a  two-mirror  heliosrat    On  this  suggestion  were  constructed  the  '*'' 
sirumenis  of  Dr.  Maddox  and  Dr.  Woodward,  of  which   figures,  wi^^ 
full  descriptions,  will  be  found  in  the  "  Monthly  Microscopical  Joum*'* 
vol  I,  1869,  p.  27.    One  mirror  is  mounted  at  the  centre  of  its  ba'^* 
by  a  hmgc  joint  to  the  souili  end  of  a  polar  axis.    When  the  polar  a^ 
is  brought  parallel  to  the  axis  of  the  earth,  the  mirror  is  turned  towaf<>* 
the  sun,  and  inclined  so  as  to  throw  the  reflected  rays  jxnallel  to  ll>^ 
axis  of  the  earth,  or,  in  other  words,  in  a  line  with  the  polar  axis  of  ih^ 
instrument,  and  then  the  polar  axis  is  turned  by  the  liand  or  by  doclf 
work  with  the  sun.    The  rays  from  the  revolving  minor  arc  icflencd 


HELIOSTAT. 


315 


te»dDy  in  the  same  ditection.  These  rays  are  received  by  a  second 
birror,  whkh  reflects  them  horizontally. 

I  A  hand  beliostat  of  this  kind  can  be  made  chiefly  of  wood,  by  any* 
In^  (or  a  few  shillings,  and  a  woodcut  of  such  an  one  is  to  be  found  in 
pne  of  llie  numljirrs  of  the  "  Popular  Science  Monthly,"  New  York, 
iwWished  two  or  three  years  ago.  In  the  Pnanowski  itistrumeni  the 
Khr  axis  b  fixed  in  the  plane  of  the  first  mirror,  and  tlus  mirror  turns 


the  polar  axis  once  in  forty-eight  hours.  The  instrument  is  sclf- 
iuscaNe  for  the  latitude  and  longitude  of  the  place  where  used. 
in  proper  positioti,  the  revolving  mirror  reflects  the  rays  steadily 
one  direction.  The  second  mirror  receives  the  rays  and  reflects 
era  horizontally.  The  Browning  instrument  is  more  complicated,  but 
B  the  decided  advantage  of  saving  the  light  lost  by  the  reflection  from 
6  second  mirror  in  the  other  instnimcnt.s. 

I  »»»■.  Ariiflcui  LiKbi. — Mr.  Shadbolt  manyyears  ago  obtained  some 
pktitirul  photogiaphs  by  lamp  light.  A  small  camphine  or  paraffin 
top  was  placed  so  that  the  flame  wa.s  in  the  axis  of  the  microsrojic  A 
MKMMnvcx  lens,  of  about  i^  inches  diamelcrj  with  its  flat  side  to  the 
tap,  and  a  second  smaller  one,  of  about  i  inch  in  diameter  and 
inches  focus,  were  arranged  so  as  lo  concentrate  the  ra>-s  of  light 
jthout  forming  an  image  of  the  flame,  pL  LXXII,  fig.  6,  p.  308.  The  first 
Iplnoed  at  such  a  distance  from  ihe  lamp  as  to  make  the  ra)-$  converge 
l^tly,  and  the  other  at  a  point  where  it  will  include  all  these  rays  and 
uuBg  high  powers)  the  achromatic  condenser,  so  that  the  lens  may 
within  the  cone  of  rays.  In  employing  low  powers  the  object  is 
I  come  within  the  coTW  of  converging  rays.  The  distance  of  the 
I  fioiQ  the  lens  itearest  to  it  is  best  determined  by  ihe  (\^3A\v^  Q>i  >!b.e. 
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illuminated  field,  which  should  be  equally  bright  all  over.  The  tigbt 
should  enter  the  objective  at  an  angle  not  greater  than  its  own  anguhr 
aperture.  To  examine  the  image  tlirown  on  Uic  ground  glass  of  the 
camera,  Mr.  Shadbolt  u.sed  a  Ramsdcn's  positive  eye-piece.  Mr.  Legs 
in  1S59,  made  use  of  artificial  light  from  a  camphinc  lamp,  conceniratiBg 
the  diverging  rays  by  a  2-inch  buirs-eye  lens  placed  near  to  the  souice 
of  light,  and  a  second  bull's-eye  lens,  about  3  inches  in  diameter,  at  ■ 
distance  of  an  inch  from  the  first,  by  which,  with  the  i-yd  and  4-iotb 
object -glasses,  he  could  obtain  images  at  3  feet,  in  periods  varying  fton 
3  to  10  minutes.  Mr.  Parry,  in  making  use  of  arti5cial  tight,  placed  a 
plano-convex  lens  of  i  ^  inches  focus,  with  its  plane  side  towanis  Ihe 
object  about  i  inch  from  it,  and  4  or  5  inches  from  an  ai^and  $as 
burner.  (The  light  from  an  ai^and  p.iraffin  lamp  is  preferable  to  ^) 
To  increase  the  flatness  of  the  field,  he  fixed  behind  the  posterior  kns  erf 
the  i-inch  combination  an  achromatic  stereoscope  camera  lens  with  ii» 
flat  surface  towards  the  objective.  Mr.  G.  Busk  employed  gaslight  btm 
an  argand  burntr  in  1854 ;  and  in  November  of  the  same  ycai  llr. 
Wenham  states  that,  although  with  the  use  of  camphinc  and  gasli^K 
he  was  dissatisfied,  yet  the  succession  of  electric  sparks  (about  looX 
from  a  small  Leydcn  jar  of  30  inches  coated  surface,  gave  actio** 
rays  of  sufticient  intensity  to  produce  a  good  impresaon  on  a  se<»*~ 
tive  collodion  plate.  The  Rev.  C.  Kingsley  with  a  special  apparatu* 
used  the  hydro-oxygen  light  and  a  screen  of  esculinc.  Mr.  Ilock**** 
in  1S62,  tried  ditfuscd  daylight,  allowing  in  some  cases  an  exposuie  '^ 
from  four  to  eight  minutes.  Dr.  Maddox,  in  1864,  succeeded,  ^^ 
using  the  brilliant  light  emitted  on  the  combustion  of  magnesium  W**^ 
(i^  inch)  held  in  the  flame  of  a  small  sjiirit  lamji,  and  condensed  ^' 
an  ordinary  condensing  lens.  Mr.  Durham  uses  gas  and  daylight  U^ 
mination  with  success. 

The  Rev.  St.  Vincent  Reechy,  in  his  paper  on  Microscopic  Phc* 
grsphy,  recommends  very  strongly  the  o.i;)'-hydrogen  light,  and  iodicatf:^ 
very  simple  method  by  which  an  ordinary  good  magic  lantern  can  ^^ 
small  exjiense  be  converted  into  use  as  a  microscope  camera  for  paw^ 
from  1  inch  to  the  J^  inch.     The  Drummond  light  has  been  much  u*^ 
in  France  of  late  years.     Whatever  light  may  be  employed,  inter»^ 
illumination  should  emanate  from  a  small  surface,  so  that  it  can     *^ 
more  successfully  brought  to  a  focus  by  a  condensing  lens  ot  silrcr*^ 
reflector,  singly  or  united. 

Electric,  magnesium,  and  oxy-hydrogen  lights  have  all  been  used  '^ 
Dr.  >\'oodward  with  excellent  results  ;  the  first  by  exaggerating  light  a*^* 
shadow  is  best  suited  for  delicate  objects,  showing  slight  contrast  mi^ 
the  field,  while  the  latter  two  arc  of  special  service  in  phototrtaphif 
soft  tiitsucs,  no  ground  glass  being  Te<iuircd  to  prevent  inlcrfcnoi^' 
phenomena.     In  fact,  Dr.  Woodward  shows  that  these  lights  can  It' 
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furnish  photographs  equal  to  those  produced  by  the  sun,  a 
'of  considerable  interest  to  observers  liv-ing  in  cloudy  countries 
nky  cities.  His  Ume  cylinder  revolves  by  clock  work  to  bring 
Bitioas  into  the  oxy-hydrogcn  flame. 

^■jr  nsefiil  hints  on  \'ariaus  subjects  connected  with  microscopical 
^kphy  will  be  found  in  the  Photographic  News  Almanack  and 
tntish  Journal  Photographic  Almanack  for  the  last  few  ycara. 
>r.  Ueiuy  Morton,  of  Philadelphia,  lias  nude  a  considerable  im- 
cnient  in  nugnesium  tamps,  by  adapting  a  metal  chimney,  wide 
gh  to  prc\>;nt  the  flame  from  touching  the  sides ;  the  bottom  is 
d  up  cither  by  metal  or  by  being  placed  in  a  dish  of  w.ttcr. 
isite  the  ignited  wire  is  a  round  hole  in  the  side  of  the  chimney 
igh  which  the  air  enlcts,  and  striking  against  the  flame  increases  its 
itnes3  and  intensity  in  a  very  marked  manner,  thus  eflccting  equal 
linationat  a  much  less  expense.  Following  upthiR  idea  for  ordinary 
1)t.  Maddox  has  constructed  an  apparatus  for  using  slioit  lengths 
trc  in  photomicrography,  and  which  will  be  best  understood  by  a 
eace  to  the  figure.  A  stout  tin  tube,  about  8  Inches  high  and 
inch  bore  fixed  in  a  wooden  base,  has  at  opposite  sides  at  ihc  exact 
[tof  the  microscope  or  cameia  tube,  two  apertures  cut  ^  of  an 
B  diameter,  and  two  tubes  t  inch  in  length  soldered  in  ;  in  these 
RuIkts  slide  the  tubes  oftwo  funnels  of  tin,  3  >^  inches  deep  and  ij^ 
idlh,  blackened  inside.  Again  at  right  angles  to  the  apertures  of  the 
diort  tubes  are  two  circular  holes.  Against  the  outer  rim  of  the  funnel 
est  the  stage  is  placed  the  planoconvex  condensing  lens,  and 
Bit  the  rim  of  the  opposite  funnel  a  hemispherical  concave  ledcctor 


F*  central  aperture.     Beneath  the  short  tube  carrying  the  first 
1  a  portion  of  tlic  eight-inch  tube  is  cut  tongue  shape  and  turned  in 
a  narrow  spiiiilamp.    An  anongcment  u  madit  m  ^)bA 
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support  holding  the  reflector  by  which  a  small  tube  can  be  paned 
through  the  centra]  hole  in  the  reflector,  and  by  allowing  a  weigbl  to 
fall  steadily  a  short  distance,  a  wire  piston  is  carried  along  the  lube,  lad 
projects  the  short  piece  (3  inchea)  of  magnesium  wire  as  it  bums  awat. 
the  ignited  point  being  in  the  centre  between  the  two  funnels  and  at  tfce 
foci  of  the  condensing  lens  and  silvered  reflector.     This  plan  reqoimi 
little  experience  to  .illow  the  necessary  motion  of  the  hand  to  aw 
pensate  for  the  rate  of  burning,  and  might  be  constructed  as  sclf-«ctiq^ 
but  practically  it  answers  very  well,  and  is  easily  nude.      Dr.  Wool- 
ward's  magnesium  lamp  has  a  chimney  five  feet  long,  consittiag  tf 
muslin  covering  a  spiral  of  stiff  wire.     The  muslin  goes  in  and  out » 
the  foldings  of  a  bellows  camera.    The  oxide,  which  has  been  irouNe- 
some  by  depositing  on  objects  in  the  room  when  other  lamps  have  been 
used,  is  in  this  lamp  deposited   on  the  muslin  projections  into  tbe 
chimney,  while  the  draft  is  kept  up  through  the  interstices  of  the  musiiii. 
Perhaps  the  lamp  invented  by   Mr.  T-arkin,  for  consuming  powdered 
metallic  magnesium  mingled  with  sand  and  allowed  to  fall  in  a  strctm 
through  a  small  lighted  jet  of  hydrogen  gas  might  answer.    Btmit^ 
phosphonis  and  burning  zinc  turnings  have  also  been  tried. 

The  new  developrnenLs  in  the  way  of  electric  lighting  (Edison's  Joi 
instance)  may,  perhaps,  afford  us  more  perfea  artificial  iUuminaiioofo* 
phoiomicrospy  than  has  hitherto  been  at  our  disposal. 

SS4.  or  Faca«»liiir. — Much  care  is  required  in  focussing.  A  pU^i 
adopted  by  some  is  to  use  3  simple  lens  set  as  a  watchmakci's  lt)U|«>0 
a  card  or  wooden  tube,  of  such  a  length  that,  when  placed  at  tbe  ae** 
surface  of  the  ground-glass  screen,  the  focus  of  the  lens  exactly  corr^ 
sponds  to  the  opposite  or  ground  side.  Others  employ  an  ordinary  photo- 
graphic focussing  eye-piere.  The  best  instrument  is  the  positive  hj^P" 
piece  ;  for  should  the  others  not  be  truly  sol,  there  is  danger  of  thcfoci*^ 
catching  the  image  either  before  or  behind  ihe  screen.  Some  foraiC" 
compound  microscope  may  with  advantage  be  employed,  the  focus  ^v" 
whicli  is  set  lu  the  exact  thickness  of  the  screen. 

ass.  Of  tbe  otMcei-KiMtci. — Each  objective,  as  furnished  bj  W' 
best  opticians,  is  generally  sent  out  not  as  a  ph^ogrofihic  objecl-^*^** 
but  IS  a  micioscoi>e  objective,  and  so  skilfully  have  errors  which  >li^* 
from  the  thickness  of  the  thin  gt.Tss  cover  and  non-arhromalicily  rf  iJ*^ 
eye-piece  been  compensated  for,  that  the  illumiiuwcd  field  is  wiiIk*** 
sensible  colour,  and  the  edges  of  the  objects  destitute  of  chromat**^ 
fringes.  To  accomplish  this,  the  objective  is  leJt  what  it  termed  "o*** 
cortected." 

When  the  photographer  employs  these  ovei -corrected  ohjectii'tfc 
mare  especially  tiie  low  and  moderate  [towers,  he  generally  finds  tl"** 
cither  his  preixircd  sensitised  pble  must  b«  moved  further  ana^  ii>)i" 
the  plane  at  which  the  bcsl  visail  focus  was  found,  or  else  he  most  *\^- 
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draw  his  Cibjective  a  slight  distance  from  the  object,  so  as  to  get  the 
ilietntcal  focus  and  compensate  for  the  amount  of  "over-correction"  that 
W  been  given  to  the  objective  by  the  maker.  This  is  not  a  fixed  point, 
nA  may  even  vary  in  different  object-glasses,  furnished  by  the  same 
flptidan,  although  of  equal  magnifying  power,  and  even  ground  on  the 
tanie  tools.  In  the  con.stmcii(m  of  eonie  of  the  lower  powers  a  plan  has 
been  adopted  vhich,  at  the  some  time  thai  it  doe^  not  detract  from  their 
tallica]  pafcction,  places  the  chemical  variation  at  its  lowest  amount.  Tn 
ihe  higbtr  jjowcrs,  as  from  ^th  upwards,  the  dincrence  between  the 
nrail  and  chemical  foci  is  so  small  that  it  is  seldom  regarded,  cxcejit  in 
Ok  most  delicate  work ;  but  here  the  disturbance  occasioned  by  the  cover 
of  thin  glass  placed  over  the  object,  requires  the  adjustment  between  the 
two  ptwterior  combined  set  of  lenses,  and  the  anterior  pair,  triple  or  single 
lens,  to  be  made  with  the  greatest  nicety,  as  has  been  strongly  advocated 
hf  Dr.  WiisofL  It  is  not  possible  to  determine  beforehand  the  amount 
of  alteration  in  focus  needed,  and  a  series  of  trials  will  be  necessary  to 
tttabliih  what  adjustment  is  requisite.  The  best  plan  is  to  select  an 
ot>ject  that  has  a  slight  thickness,  with  parts  at  a  distance  from  one 
^wher,  lying  in  three  or  four  different  planes.  Set  the  objective  to  the 
"f^l  focus  in  the  microscope,  then  place  it  in  the  camera ;  focus  sharjily 
**f  Ihe  part  of  the  object  nearest,  and  in  the  negative  which  is  taken, 
**serve  if  this  part  corresponds  in  definition,  or  if  not,  which  plane 
"f  the  object  appears  the  sharpest.  Let  us  suppose  the  furljiesl  plane; 
•'tn  observe,  by  re-focussing,  how  many  divisions  of  the  millcd-hcaded 
"^'cwhave  been  turned  through  to  bring  this  [>art  into  as  perfect  a  focus 
^  Was  originally  the  nearest  plane.  This  will  give  the  variarinn  for  that 
'^"jf^ive  under  similar  circumstances,  and  should  be  noted.  If  em- 
J^'^J'ed  with  the  shallow  eye-piece,  to  increase  the  magnifying  power, 
**th  the  loss  of  some  definition,  a  different  adjustment  may  be  required. 
*''■  Sliadbolt  undertook  a  series  of  experiments  for  his  objectives,  made 
^  Messrs.  Smith,  Beck,  and  Bock,  when  he  employed  arlificial  light, 
""d  found  that  ;— 

The  1^  inch  object-glass  had  to  be  withdrawn  ^ih  of  an  inch, 
Thelfd  „  „  jjm         „ 

The  ^th  „  „  ^-^        „ 

These  can  only  be  regarded  as  guiding  marks  for  others.  To  obviate 
*^  inconvenience  of  focussing  differently  for  the  chemical  and  visual 
*y%  Mr.  Wcnham,  with  his  usual  ingenuity,  recommended  a  biconvex 
^'^s  of  low  power  to  be  carefully  turned  down  to  the  proper  size,  and 
^*ntred  in  a  setting  that  could  be  screwed  into  the  place  where  the 
••^^Htrior  diaphragm  or  stop  of  the  objective  is  usually  placed  ;  thus  to 
''•Sen  the  owr-correction  and  to  bring  the  chemical  back  to  tlic  visual 
"*cia   He  gives  the  follom-ing  focal  lengths  of  these  correcting  lenses '— 
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for  Messrs.  Smith,  Beck,  and  Beck's  i  ^^'iocb,  a  leos  of  8  i 
for  the  2-ir^s,  one  of  5  inches  fociis,  which  is  also  appli 
4-ioths.  Mr.  HisJop  achises  (hat  a  dozen  of  these  letues,  of  liiffmM 
foci,  should  be  at  hand,  and  the  one  that  is  found  to  answer  beat  k 
practice  selected.  Dr.  Mnddox  has  one  of  Messrs.  Smith,  Beck,  and 
Beck's  3yAs,  beautifully  corrected  by  them  in  this  manner,  and  it  give* 
surprising  sharpness. 

In  giving  the  amplification  of  an  object,  the  simplest  plan,  perhaps 
is  to  divide  the  screen  from  the  centre  into  inches  and  tenths,  a 
measure  the  size  uf  the  image  and  compare  ii  with  the  size  of  the 
object  as  given  in  the  microscope  with  the  micrometer,  or  to  subsdtoit 
the  micrometer  for  the  slide,  taking  care  to  let  their  surfaces  cuJoodl, 
and  not  to  alter  the  correcting  adjustment,  as  with  the  h^b  powcn  md 
single  fronis  the  .-iltcration  in  size  is  very  rapid. 

8a«.  strrcMcnpir  PhoioKrayh*. — Seeing  the  advantage  den'itd 
^m  the  application  of  the  stereoscope  in  viewing  the  dissimilar  impt  , 
of  large  objects  taken  at  %-ar>'ing  angles,  it  was  nalurat  to  suppOK  All 
an  elTon  would  be  made  to  produce  stereoscopic  images  of  miitfe 
objects.  Profe.ssor  Wheatstone  suggests  in  the  "  Transaciiaas  oftti 
London  Microscopical  Society,"  for  April,  1853,  a  plan  of  procsriai 
these  at  the  necessary  angles.  He  proposes  that  the  tube  of  the  crkn- 
scope  should  h-ive  .in  independent  movement  of  al»out  15",  "roundit 
axis,  the  ima^nary  prolongation  of  which  should  piss  iliroufih  the 
object,  It  being  indifferent  in  what  direction  this  motion  is  nude  ia 
respect  to  the  stand."  He  proposes  also  a  simpler  method,  whidi 
to  make  the  object  itself  partly  revolve  round  an  imaginary  axb 
itself,  from  7°  to  rs^  care  being  taken  to  render  the  iUumiiutiou 
ei:iu.il,  and  avoid  interfering  shadows,  so  as  not  to  produce  pteod*- 
scopic  effects. 

Mi;  Wenham  showed  that  images  of  objects  could  be  pnxtiol 
with  such  a  difference  in  the  relative  position  of  their  parts  when  vie«(4. 
by  stopping  off  the  alternate  halves  of  the  object-glass,  or  the  emerBinj 
pencils  from  the  opposite  halves  of  the  eye-piece,  that  these  i: 
when  recombined  had  n  perfect  stereoscopic  character.  SU,  W 
placed  a  sliding  stop  with  straight  edges  against  the  lens  of  the 
live,  so  that  it  could  be  turned  to  cut  off  either  the  right  or  left 
of  die  lens. 

Professor  Riddell.  of  New  Orleans,  proposes  to  accomjilish  the  mt 
end  by  inserting,  just  behind  the  object^lass,  a  small  ec)iiitatcial 
arranged  on  a  central  axis  parallel  to  its  polished  taces  «nd 
to  the  axis  of  the  object-glass,  so  that  it  can  be  inclined.    Tbc 
thcnuse  being  placed  coincident  with  the  axis  of  tlie  micrciscopi; 
making  the  necessary  irHHirution,  the  appearance  as  of  the  obi«<1 
being  moved,  will  be  produced.     When  the  image  of  the  <^<ci 
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ith  itic  prism  tn  one  position  it  U  to  be  altered  slightly, 
moved  so  as  to  bring  ihe  same  part  into  the  centre  of  the 
d  of  view,  as  at  first.  It  will  now  have  an  altered  aspect,  correspond- 
to  the  diflcrcnce  in  the  point  of  view,  equivalent  to  the  number  of 
frees  of  the  inclination  of  the  prism  which  may  vary  from  4"  to  9°. 
id  if  the  two  images  of  such  a  dratt'ing,  or  phoiograiihic  impression, 
viewed  stcTcoscopically.  they  will  coalese  into  a  stereoscopic  image. 
Mr.  Hcisch,  in  Oaolicr,  iS6a,  rccommcndc<i,  as  nn  adapter  for  the 
ject-^Uss,  one  can>'ing  a  tube  thai  can  be  turned  half  round  by  a 
wr  outside.  In  this  tube  is  another,  provided  with  a  stop,  that  cuts 
'half  the  pencil  of  light  emerging  from  the  objt-ct-gtass;  this  sliding 
be,  when  placed  in  proximity  to  the  back  lens  of  the  objective,  is  so 
tnnged  that  the  field  on  the  ground  glass  of  the  camera  shall  he 
qmUy  illuminated  in  all  positions  of  the  stop.  The  image  is  thrown 
B  a  prepared  sensitised  plate  for  the  first  picture,  the  stop  is  then 
imcd  rounil  until  it  Stands  in  a  direction  opposite  to  the  first  position ; 
K  unimpressed  half  of  the  prepared  plate  is  then  shifted  into  tlic  field, 
nd  in  its  turn  receives  the  second  image.  The  two  resulting  pictures 
mish  a  stcrctMcopic  effect.  Mr.  Hcisch  also  suggested  that  in  objects 
f  tiiickness  the  near  surface  should  be  focusscd  for  the  one  and  the 
tote  distant  for  the  other  picture. 

Dr.  Maddox  produced  stereoscopic;  pictures  on  one  of  the  plans 
ropwcd  by  Professor  Wheatstone,  and  for  this  purpose  he  made  a 
■"^S^  ^  I  ^  inch  slide'holder  of  brass  plate  having  a  central  aperture 
nd  1  ledge  at  the  top  and  bottom,  in  the  direction  of  the  length,  turned 
p  square  at  right  angles.  Opposite  the  centre,  the  ledj-es  were  pierced 
J  a  small  hole  about  yi  of  an  inch  from  the  angle  of  junction;  two 
■a  sln{)3  of  spring  brass  cut  to  the  width  of  the  ledges,  about  1  ^ 
Khcs  long  and  slightly  cun'ed,  had  each  a  small  hole  drilled  in  the 
BBtn:  Two  pieces  of  hard  wood  were  cut  into  equal  triangles,  and 
idi  was  fixed  on  a  brass  pin  in  sucli  a  position  that,  when  the  little 
inguldr  blocks  were  resting  with  their  obtuse  angles  on  the  upper 
riace  of  ilie  brajw  sHtlc,  the  other  end  of  the  pins  passed  through  the 
Ae  in  the  small  strips  of  spring  brass,  and  then  through  the  holes  in 
E  ledges.  The  pins  were  turned  up  at  right  angles  to  prevent  them 
Wq  being  carried  out  of  the  holes  by  tlicir  springs.  An  ordinary  glass 
luriib  the  object  set  up  was  placed  between  the  spriuits  (resting  by 
^Bfer  surface  near  the  edges  un  the  ujiper  or  horizontal  surfaces  of 
i  two  small  blocks),  and  clipped  by  them  so  tightly  that  ihcy  would 
>t  Eall  out.  when  the  slide  was  placed  vcrtic-illy  on  edge.  On  depress- 
B  cither  end  of  the  slide,  the  object  could  be  made  to  assume  an 
lliquity  to  the  objective,  equivalent  to  the  angle  found  between  the 
tr&rc  of  the  little  triangular  blocks  and  the  edge  of  the  depressed  slide 
testing  on  the  plane  of  the  brass  holder.    1  his  method  an'swerci 
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very  well  for  opaque  objects  illuminated  by  the  Lieberkuhn.    The  slide 
holding  the  object  properly  centred  and  focussed  from  the  point  wbm 
the  least  displacement  of  the  focus  appears  on  depressing  eadi  side 
equally  and  alternately,  is  now  depressed  and  re-focussed  if  necessaiy, 
to  furnish  the  first  picture,  then  similarly  treated  on  the  opposite  side  cf 
the  centre  to  furnish  the  second.    The  resultant  images  give  a  stereo- 
picture.    If  the  left  depressed  view  is  taken  on  the  right-hand  side  of 
the  plate,  and  via  versd,  the  images  need  not  be  reversed  after  printing. 
Dr.  Maddox  used  for  transparent  objects  Mr.  Wenham's  and  Mr.  Smitfa'i 
plan  for  stopping  off  alternately  in  front  the  right  and  left  halves  of  Ae 
objective  by  a  small  cap  with  a  semicircular  aperture,  equal  generally  to 
half  the  area  of  the  front  lens,  while,  with  the  highest  powers,  he  00I7 
makes  a  slight  alteration  in  the  position  of  the  object  and  incident  1^ 
for  the  second  picture.    With  the  parabolic  illuminator  he  did  not 
succeed  equally  well.    M.  Nachet,  jun.,  used  hts  polished  cone  of  ^ 
with  a  central  stop  on  its  curved  base  (for  obtaining  oblique  I^  ii 
parallel  rays)  when  phot(^raphing  opaque  and  semi-opaque  object^  M 
the  Foraminifera,  &c.     Dr.  Moitessler  recommends  this  plan,  the  li^ 
being  transmitted  from  the  mirror  through  the  cell  of  ammonio-sulplia 
of  copper,  then  conveyed  by  the  condensing  lens  on  to  a  disc  of  gnxoJ 
glass,  placed  near  the  apex  of  the  cone.   Dr.  Maddox  has  lately  obtainrf 
stereoscope  pictures  of  parts  of  Fleurosigma  formosum,  magnified  3,000 
diameters,  with  Mr.  Wales'  ^th  objective  and  amplifier.    See  p.  194. 

CHEMICAL    SOLUTIONS   REQIHRED. 

It  is  of  the  first  importance  that  the  different  solutions  used  it 
photography  be  perfectly  pure ;  and  observers  are  recommended  to 
purchase  their  chemicals  at  houses  of  known  celebrity,  like  that  d 
Mr.  Thomas,  Pall  Mall. 

ss"}.  couodioB. — Supposing  the  collodion  process  to  be  detennintd 
on,  the  pyroxyline  should  be  of  the  kind  produced  from  hot  sdd^ 
carrying  just  such  an  amount  of  water  as  will  furnish  to  it  whai  da- 
solved  in  its  solventH,  ether  and  alcohol,  a  fluid  flowing  freely,  possession 
considerable  adhesive  power  to  the  glass,  and  free  from  fine  nel-like 
markings  when  dry.  The  collodion  should  afford  when  taken  from  tliB 
nitrate  bath,  not  a  very  thick  creamy  layer,  but  such  as  is  conunoo^ 
employed  for  portrait  purposes.  If  it  be  preferable  to  make  the  collo- 
dion, we  subjoin  the  formula  for  cotton  that  will  yield  the  abo«- 
mentioned  film.  Into  a  perfectly  clean  dry  close-stoppered  bottle,  pat 
— Iodide  of  ammonium  in  crystals;*  iodide  of  cadmium,  of  cadi,  I 
grains;  bromide  of  cadmium,  4  grains.     Pour  on  these  13  drachmiflf 

•  If  the  crystals  of  iodide  of  ammonium  be  at  all  damp,  press  them  before  «||t 
ing  in  folds  of  clean  blotting  paper. 
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bsohite  alcohol  or  redrawn  alcoliol,  of  sp^  gr.  'S05,  shake  the  liottle 
■ell;  when  tlissoi^'ed,  add — Pure  ether,  sp.  gr.  735,  12  drat^hma. 
r'cigh  out  2a  to  28  grains  of  dry  p)Toxyline,  add  it  by  little  open  tufts 
tbe  mixed  fluid,  shaking  occasionally,  then  wash  down  tlie  neck  and 
ties  of  the  bolilc  with  S  drachnw  of  pure  cth€r.  Gently  agitate  so  at 
>t  to  soil  the  neck  of  the  bottle,  and  set  aside  in  a  dark  cool  cupboard 
IT  three  or  four  days,  or  longer;  then  carefully  pour  off,  without  any 
BakiDg.  the  half  into  a  clean  dry  close-stoppered  bottle  for  use,  or 
ttier.  into  one  of  the  4  oz.  capped  pouring  bottles,  called  "comctlcss." 
he  formula  given  has  been  for  only  4  oz.  of  collodioa  The  absolute 
cohol  can  sometimes  Iw  a  little  increased.  It  is,  however,  better  to 
a  "  negative  "  collodion  already  prcjtariMi  by  a  reliable  manufacturer. 
Icf^'nners  will  certainly  obtain  better  results  with  such  a  collodion  than 
rilh  one  of  their  own  making. 

iK.  TWIiru*  BMb. — The  nitrnte  bath  may  be  prepared  as  follows: 
^shly  distilled  water,  4  ounces;  re*cryst3llised  nitrate  of  silver,  600 
was.  Dissolve ;  test  for  acidity  by  blue  litmus  paper ;  if  acid,  neu- 
nlice  by  a  little  fresh  pure  oxide  of  silver,  or  by  a  few  drops  of  a  very 
■cak  solution  of  carbonate  of  soda.  Dissolve  in  a  drachm  or  two  of 
nter,  iodide  of  potassium,  i  grain.  Then  drop  into  the  solution  a  few 
Slops  of  the  strong  solution  of  nitrate  of  silver  until  it  produces  no 
inther  turbidity.  Wash  the  precipiuued  yellow  iodide  of  silver,  pour 
sf  Ibe  Ui-asbings,  and  add  the  iodide  to  the  strong  nlvcr  solution ;  stir, 
up  the  quantity  of  fluid  to  20  ounces  by  distilled  water,  and  filter, 
iDaw  it  to  settle,  then  carefully  pour  off  close,  and  filter  the  remaining 
wnicm  into  a  small  bottle.  This  can  itc  used  in  the  after  intensifying 
■Kcss,  or  if  filtered  tlirough  a  washed  fitter,  added  to  the  stock  for  the 
Infinehath. 

The  strong  sohition  of  silwr  is  oftcncr  alkaline  rather  than  acid  tft 
ttpqKF :  if  this  be  the  case,  add  a  few  drops  of  a  solution  containing 
inp  of  glacial  acetic  acid  to  r  drachm  of  di-stilled  water,  until  the 
■  paper  remuns  sightly  reddened,  or  tiie  same  proportions  of  nitric 
nil  in  water  may  be  used  ;  the  latter  often  works  remarkably  well  with 
fctWwmo-iodised  collodion,  not  gi^-ing  at  firet  intense  but  remarkably 
ilip  clean  negatives,  [wnnitting  of  a  rsiher  lonfjer  exposure  to  the 
sunlight  without  staining,  .ind  considerable  intensifying  qualities 
■idioul  blocking  out  the  finest  lines.  To  keep  up  the  strength  of  this 
tone  bath,  add  occasionally  a  plain  solution  of  re^rystallised  nitrate 
tfshrcr  in  distilled  water,  in  the  proportion  of  50  grains  to  the 
nnce.  It  is  desirable  co  keep  this  nitmtc  lialh  perfectly  free  from  dirt 
Ud  sd)siances  likely  to  injure  it  As  there  is  considerable  difficulty  in 
*t<iiiur4j  ^s  guita  pcrcha  baths  without  impurities,  and  the  porcelain 
ooa  «c  sometimes  too  porous,  a  vertical  gUiss  bath  with  cover  is  much 
to  be  preferred.     It  is  often  desirable,  after  a  full  day's  wotV,\o  \>oux 
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ihe  nitrate  bath  into  a  clean  bottle,  allowing  it  to  settle.  The  dear 
ponion  may  thon  he  carefully  decantt-d  into  the  bath,  after  it  has  been 
washed  out,  and  the  remainder  51teTed  Lhrough  a  washed  pa[icr  biter, 
the  strength,  if  necessary,  being  made  up  by  adding  some  of  the  50-gTiiD 
solution.  In  this  way  spots,  pin-hdes,  or  deposit  are  less  likely  to  spoil 
Iransparenl  shadows.     This  bath  in  w-inlercan  be  iiiiidc  stronger. 

Mr.  Clifford  Mercer  gives  the  following  directions  for  making  lie 
bath  : — A  simple  way  of  preparinp  a  bath  is  to  nuke  a  solution  of  p« 
nitrate  of  silver  crystals,  40  grains  to  the  ounce,  in  well  boiled  soft  mw. 
Filter  the  bath,  render  it  very  slightly  acid  by  a  drop  or  two  of  nitric  acid, 
and  then  keep  it  in  the  dark  for  twelve  hours  or  more,     Jtist  before 
using  the  bath  for  the  first  time,  hang  in  the  hath,  in  the  vertiral  hoA- 
holdcr,  one  or  two  plates  of  glass  covered  with  a  film  of  the  collodion 
to  be  used.     The  strength  of  tlie  bath  can  be  tested  ocGisionally  by  ■ 
nitrate  of  silver  hydrometer  and  crystals  of  nitrate  of  silver  added,  *> 
required,  to  keep  the  bath  in  summer  a  little  less  than  40  grains  to  th* 
ounce,  and  in  winter  somewhat  stronger  than  40  grains  to  the  ounce- 
It  should  be  filtered  occnsionally,  and  always  after  an  exposure  to  ligh^ 
After  the  bath  has  been  used  for  a  long  time,  and  the  negatives  are  futt 
of  faults  traceable  to  the  bath  and  not  corrected  after  allowing  the  batli 
to  stand  in  the  sun  for  a  day  and  then  filtering,  fhe  bath  shotild  be 
rendered  distinctly  alkaline  l>y  drops  of  arnmoni,i,  some  water  added 
and  the  whole  boiled  down  to  one  quarter  of  its  original  bulk.     ToiJu* 
water  and  nitrate  of  silver  must  be  added,  to  bring  it  up  to  the  rcqoirc*^ 
bulk  and  strength.     After  bein);  filtered,  the   fluid    is   to  lie  sli^ltlT 
acidified  with  nitric  acid,  and  collodion  plates  are  to  be  suspended  in  ■*• 
33  in  preparing  a  new  bath. 

s>0.  Of  Ihe  D«vHoptnK  salntloiiB. — Preference    is  given  by  most 
photographers  to  the  formula  containing  the  pretosul phate  of  iron,  o*" 
the  double  salt  of  sulphate  of  ammonia  and  iron,  with  or  without  « 
little  syrap  from  loaf  sugar  added  at  the  time  of  using,  as  recommended 
by  Mr.  Hislop  : — Cr>-stallised  protosuliihateof  iron  crushed,  aoogreitis; 
glacial  acetic  acid,  3  )^  to  5  drachms,  or,  Bcaufay's  acetic  acid  of  30  per 
cenL,  to  to  15  drachms.    The  amount  of  jo  otmces  is  to  be  madrflp 
vith  pure  water,  then  6  or  8  grains  of  acetate  of  soda  are  to  be  addoA 
and  the  fluid  filtered.     More  iron  should  be  added  to  this  devdi 
solution  in  the  ft-inter  months.    It  is  best  when  a  few  dayi  old.    At 
rime  of  using,  to  make  it  flow  freely  on  the  surface  of  the  coUodi 
plate,  add  of  ordinary  alcohol  from  lo  to  30  or  60  minims  to  each  ou: 
of  developing  solution,  according  to  the  condition  of  the  bath, 
strength  is  often  varied  from  10  grains  to  die  ounce  to  even  50  gaios  in 
ordinary  work,  but  in  sunlight  negatives,  it  is  not  necessary  to  UK  moie 
iron  than  in  the  formula.     Mr.  Deeckc  says ; — **  For  micro-pl»topa|iliy 
(he  means  photo-micrography)  the  iron  developer  should  be  cntBily 
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Replaced  by  p)'rogalUc  acid,  with  about  one-half  more  glacial  acetic  acid 
than  is  generally  recommended. "    The  silver  deposit  on  the  iron- 
developed  piat«  is  more  coarse  than  that  on  the  p>TOgallic  acid  plates. 
The  intensifying  solution,  useful  for  deepening  more  fully  many  of 
the  details  brought  out  by  the  iron  developer,   consists  of; — No-    i. 
Iodine,   3  grains ;  iodide  of  potassium,  6  grains ;   water,  3  ounces. 
Mixed.     No.   2.  Pyrogallic  developing  soliilion,  as  made  with  acetic 
*ciU  ;  pyroi^Iic  acid,  1 1^  to  1  grains ;  glaclil  acetic  acid,  20  minims, 
Ot  Bcaufoy's  acid,  1  drachm ;  distilled  water,  i  ounce.    This  is  best 
*ben  freshly  made,  or  not  more  than  a  few  days  old.     Ka  3.  Pure 
anrate  o{  silver,  30  grains;   diiiiCilled  water,  1    ounce.     No.  4.    Pure 
■titraie  o(  bilver,  so  grains ;  dliic  aciii  crystallised,  jo  grains ;  dissolved 
to  (lutilled  trater,  2  ounces. 

S40.  Tbe  FixtDK  «*iuf Ion*  m»y  bc  made  as  follows : — Tlj'posulphite 
of  soda.  4  ounces,  dissulvcd  in  4  ounces  of  water.  This  is  to  be  used 
epeatcdly  until  saturated  with  the  dissolved  out  iodide  and  bromide 
silver.  Dr.  Maddox,  however,  prefers  a  fixing  solution  made  by 
Iving  about  S  grains  of  cyanide  of  potassium  in  one  ounce  of  water. 
s  latter  should  bc  marked  poiso.n,  and  should  be  made  of  such 
r^h  as  will  clear  the  plate  in  a  gradual  manner  in  from  one  to  one 
d  a-faair  uiinuies,  but  it  should  not  bc  strong  enough  to  destroy  the 
if  tones.  The  same  solution  can  bc  used  repeatedly  until  it  becomes 
>  -veak.  It  should  not  bc  e&posted  lo  the  air.  Mr.  Deccke  prefers 
k-t-  first  the  employment  of  a  weak  solution  of  cyanide  of  potassium  ; 
d.  after  this  has  been  washed  olf,  the  negatives  are  placed  for  from 
'c  to  ten  minutes  in  a  strong  solution  of  h>-posulphite  of  soda,  from  the 
of  which  they  acquire  a  beautiful  clearness  in  the  half  tones." 

PRACnCAL  MANIPULATION. 

s«l.  ctnuilnff  me  Klasn  riaicB. — ^The  glass  jjlalcs,  whether  Of 
••patent  plate,"  which  is  the  best,  or  of  "polished  flatted  crown,"  are 
first  to  have  the  sharp  edges  removed  by  a  grooved  roughening  stone 
sokl  for  the  ptirpose  ;  this  is  best  done  under  a  gentle  stream  of  water 
fifom  A  up,  when  the  panicles  of  grit  or  dust  will  be  carried  aw-ay :  the 
pbtc  is  then  dropped  into  a  clean  pan  containing  a  hot  solution  of  wash- 
ing soda  in  rain  or  soft  water.  After  tying  in  this  for  a  liute  time,  each 
pUtc  IS  wxshed  over  back  and  front  with  a  pledget  of  tow  wetted  with  a 
saturated  solution  of  washing  soda,  and  then  dropped  into  clean  hot 
•oft  water.  When  all  the  jJates  have  been  treated  in  this  way,  they  are 
taken  out  to  drain,  the  water  thrown  away  and  fresh  hot  water  poured 
into  the  vessel  The  plates  are  singly  dipped  under  the  surface  of  the 
clean  water,  then  wiped  with  chemically  clean  linen  cloths,  such  as  old 
Rspkins,  one  covering  the  left  hand  in  which  the  plates  rest,  the  other 
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being  used  to  dry  and  polish  the  plate  These  cloths  ore  n^  h  k 
washed  wiik  soap  and  water,  but  to  be  well  washed  out  in  A«/  <gt 
waier,  cotiuiining  a  little  soda.  They  art;  then  to  be  well  rinsed  in  freik 
frater  and  dried 

Jt  is  advisable  to  keep  a  stock  of  plates  thus  partially  prepared.  To 
further  clean  them,  exaniin&  the  plate  along  the  edge,  ami  if  any  vtif 
slight  cun-ature  exist,  let  this  be  taken  as  the  surface  on  which  the 
collodion  is  to  be  iKjured.     Select  three  chemically  clean  dry  clotio, 
fold  one  into  double  thickness,  3:nA  on  it  hold  the  plaic  in  the  lett  hm!, 
face  down ;  with  one  of  the  other  cloths  polish  well  the  back,  brcatliii( 
on  it  from  time  to  time  ;  then  turn  it  fncc  upi>crmo6t,  have  a  little  eld 
collodion   which    may  be    slightly  weakened  witli    alcohol,  place  i 
pledget  of  clean  cotton  wool  in  a  snull  cleft  stick  or  whalebone,  dip  il 
into  the  old  collodion,  and  pass  it  quickly  and  well  over  evei>'  P»itof 
this  surface  of  the  plate-     With  the  same  cloth  that  polishc<l  the  bvi 
rub  tills  ofT  briskly,  then  with  the  other  clean  perfectly  dry  cloth  fioil 
off  the  polishing,  so  that  when  breathed  on,  the  surface  may  prcseili 
uniform  dull  appearance  without  any  streaks  \  set  it  face  down  w  ■ 
clean  sheet  of  fooiscap  paper,  or  in  a  grooved  wcU-closcd  plate  box,  At 
finished  faces  all  looking  one  way.    Thus  prcjore  the  number  of  phw 
required  for  immediate  use.     If  to  be  kept  a  few  hours,  wrap  ititV 
up  ill  another  fold  of  paper,  place  thein  in  a  dr)*  drawer,  always  ooWC 
which  is  the  perfectly  clean  surface;     If  of  a  larger  size  than  6  iocltf 
square,  it  will  be  more  convenient  to  clean  tbem  do  a  proper  ppl>«hilg 
board.     Cleanliness  in  this,  as  in  the  succeeding  stages  is  abstJiudy 
requisite.     If  no  old   collodion  I)c  at  hand,  a  polishing  liquid  oif 
be  made  by  mixing  Howard's  precipitated  tnagncsia,  30  grains  j  smC 
liquor  of  ammonia,  J^  drachm ;  .tlcohol,  i  ounces.     This,  howev* 
must  lie  most  carefully  rcmovc<l  from  the  edges  of  the  plates,  or  ih* 
bath  will   soon   be  rendered  alkaline.    Or  the  method  adopted  l^ 
M.  Boctter  may  be  adopted  for  cleaning  chemical  glasses.    This  ^ 
strengly  rexvmmemied  by   Mr.    Caiey   I^ea : — Common  sulphuric  idda 
I  ounce ;  bichromate  of  potash,  1  ounce ;  water,  i  pinL    llie  gb«^ 
are  to  be  left  in  this  solution  for  seven  01  eight  hours,  their  suri*w*' 
bemg  entirely  co%-ercd  by  iL     They  are  then  to  be  rinsed  well  beocatft 
a  lap.     ^^le  same  solulion  answers  many  times.     It  is  as  well  to  lec 
there  arc  no  cuts  or  abrasions  on  the  hngcrs  for  this  fluid  to 
conlnct  with. 

^^'hen  the  operator  is  troubled  by  a  peeling  off  of  the  coll. 
during  the  chemical  manipulation,  it  is  advisable  to  coot  ihe 
plates  with  albumen.     For  ihia  puqwse  the  white  of  an  ^g  b 
beaten  into  a  ^tiff  froth  and  stirred  into  about  a  pint  of  water, 
lo  be  alkiwed  to  stand  for  .several  hours,  and  then  filtered.     As  the 
water  drips  from  a  rinsed  plate,  its  surface  is  to  be  flushed  with  a  Wl* 
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BfUie  alhinncn  water,  and  the  plate  is  to  be  placed  on  its  edge  to  dry, 
VA  of  ihe  dusL  A  large  numlier  of  plaiia  can  be  prepared  ai  once, 
■nd  vhen  diy,  n-mpped  up  with  pieces  of  tissue  paper,  to  protect  the 
albumen.  The  albumen  suifaces  should  all  face  one  end  of  the  pile, 
iduch  should  be  marked  with  a  cross.  On  the  albumen  the  collodion 
Bn  will  Slick.  The  atbumenised  stuface  should  be  the  concave  surface, 
ifcgmmon  j;lass  which  is  not  perfectly  Sal  is  to  be  used  ;  for  then  the 
Ifoag  00  ihe  door  of  the  plate-holder,  used  during  exposure,  will  lend, 
I17  pressing  on  the  convex  side,  to  flatten  the  gla.ss. 

9*1.  AmtBiriwt  the  CKiaera. — Supposing  the  portable  form  of 
^puatus  recorameuded  by  Dr.  Maddox  be  selected,  we  proceed  as 
fallows; — A  rcx>m  is  to  !«  chosen  which  has  a  window  with  a  south-west 
Mpect,  or  at  least  one  where  the  sun's  rays  enter  during  the  greater 
fan  of  the  day.  The  end  of  the  apparatus  is  placed  ouuidc  the  opened 
window  in  sach  a  manner  that  the  face  of  the  prism  is  directed  at  right 
Uf^Io  the  incident  rays  ;  the  legs  of  the  triangle  arc  set  apart  so  that 
llie  vbolc  stands  firmly  on  the  floor.  The  object  hdn^  fixed,  il  is  first 
("fefully  examined  under  the  compound  microscope,  and  if  of  any  depth, 
•l*  pan  in  strict  focus  when  the  best  general  character  of  the  object 
iiKtajncd,  is  well  noted.  The  objective  likewise  Iwing  selected,  is  to 
bestrewed  into  the  neck  of  the  microscope,  and  the  achromatic  con- 

Kt  placed  in  the  fitting  on  the  under  surface  of  the  stage- plate.  The 
ened  card  diaphragm,  according  to  tlie  sir-c  of  the  field  desired,  is 
In  be  fixed  in  the  diaphragm  6:nme  that  works  to  and  fro  in  the  cut  in 
(^back  pan  of  ihc  camera  chamber,  and  the  prism  so  turned  that  the 
■niJight  is  thrown  on  the  ground-glass  screen.  Then  the  objective  is 
^oughi  into  focus.  The  value  of  the  prism  is  now  apparent,  for  upon 
■ending  with  the  face  towards  its  convex  surface,  and  tuniing  it  tm  its 
<'*B  poiallactic  motion,  an  Intense  image  of  the  suii  will  be  soon  formed, 
** '«  were,  on  that  surface ;  the  prism  is  then  to  be  so  arranged  that 
^  tcfiected  images  from  the  lens  or  lenses  of  the  achromatic  con- 
«»saand  of  the  object  fall  centrally  on  the  sun's  image.  If  the  field 
M  the  ground  glass  now  appears  equally  bright  in  .ill  directions,  the 
"hTOBiatic  condenser  is  slightly  altered,  to  see  whether  any  increase  of 
*»Qiintion  accompany  the  change  ;  if  not,  it  is  returned  to  its  previous 
PiiBkion.  Should  the  images  not  fail  into  the  Une  of  the  image  of  the 
■"•i  seen  on  the  surface  of  the  prism,  some  altia^tion  must  be  nude  in 
^  put  which  seems  most  at  fault ;  but  when  they  all  fall  Into  it,  and  the 
^**t«ii.-c  of  the  prism  is  surh  that  its  converging  rays  just  cross  before 
"Wdting  ilie  object,  the  centring  is  probably  correct  if  the  prism  will 
■m  cany  a  cone  of  light  sufficiently  large  and  bright  for  the  lowest 
iWers,  as  3  inches,  it  should  be  set  .isidc  and  the  plane  mirror  tried. 
Throbjeci,  if  on  the  ordinary  3  x  t  inch  sJ/de,  is  now  placed  on  die 
ttigc,  the  camera  bellows-body  shut  up.     The  whole  apparatus,  except 
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the  pwts  lo  be  exposed  to  the  light,  is  covered  with  a  large  for-jv-  r 
clolh  of  black  collon  velvet,  the  right  hand  is  applied  to  tht  slide,  r 
the  eyes  directed  to  the  ground-glass  screen  under  the  focussing  ci.  ■ ., 
the  object  is  now  placed  (as  nearly  ai  possible)  in  the  cetitrc  of  die 
field,  and  thu  approximate  adjustment  made.     The  rack-worfc  of  ific 
condenser  and  the  prism  is  to  be  altered  until  the  best  effect  ii  yr^- 
duced.    The  proper  position  of  the  condenser  is  very  tmporunt,  iml  ik 
often  morx:  troublesome  to  arrange  than  the  focus  of  the  object-^Ua_ 
The  object  being  well  centred,  the  field  perlcclly  blight  and  unifotm^ 
the  velvet  collar  around  the  microitcope  tube  must  n^W  c/psfJr  aguni^ 
the  aperture  in  the  door  of  the  verticai  6ame.     The  camera  is  no»  lc» 
be  withdrawn  along  the  lusoboard  from   the  near  end,  and  the  c»— 
largcmcnt  is  to  be  closely  watched.     When  this  is  dctennined  on,  I 
camera  is  to  be  fixed  by  the  wire  pins  to  the  nearest  hole  in  the 
wooden  guides.  The  image  on  the  ground  glass  is  to  be  studied  111 
the  focussing  eye-piece ;  the  graduated  luilled-hcaded  screw  of  the  I 
motion  turned  until  the  same  point  as  was  previously  noted  is  hr 
ioto  a  sharp  focus.    Should  the  over-cortcction  of  the  lens  not  bav 
been  carefully  corrected  by  a  back  lens,  fur  the  low  powers,  as  prctiooi 
advised,   the  necessary  allowance,  which   expencncc  has  dctennine 
must  be  nude  by  turning  back  the  screw  of  the  fine  motion,  the  Dumber 
of  divisions  or  pans  required  as  marked  on  tlie  milled  head.    If  nol 
knoH-n,  the  experiment  must  be  conducted  as  l>efore  stated,  in  jk  3961 
and  the  [loniculars  noted.     A  card  covered  with  black  cloth  nrvetvcAi 
with  its  lower  edge  turned  at  right  angles  and  deeply  notched,  b  no* 
rested  on  the  stem  of  the  microscope  against  the  end  of  the  achroauvtic 
condenser,  facing  the  prism,  and  this  latter  protected  by  a  thick  fold  of 
diamois  leather  from  the  sun's  rays.    Care  must  be  taken  that  neithicx' 
surface  of  the  prism  is  soiled  by  vapour  or  fmger  marks;  nor  must  tlve 
concentrated  sunlight  be  permitted  to  remain  longer  on  the  object  tlxan 
is  actually  required  in  focussing,  or  it  may  become  uncementcd,  and  if] 
not  injured,  it  may  slip  completely  out  of  the  field. 

If  the  higher  powers  be  used,  needing  the  screw  adjustment  foi  «l 
correction  of  the  error  introduced  by  the  thin  glass  cover,  we  find 
best  to  make  this  correction  as  nearly  as  we  can  when  examining; 
object  in  the  microscope,  and  then  testing,  with  itic  collar  set  i> 
figure,  the  image  of  the  ground-glass  screen.    If  ilic  image  here  v^w 
modemtely  sharp,  under  the  best  focussing,  a  trial  is  nude  by  shift 
the   collar  a  very  Httic  and  watching  the  appearance  of  the  it 
Sometimes  a  very  trivia)  alteration  will  bring  out  fine  markings  mt:B* 
more  disiinctiy.     The  focus  will  also  often  require  readjustment ; 
before  making  this,  it  will  Ikc  as  well  to  test  a  plate,  when,  should   fcti^ 
negative  be  found  defective  in  the  i>arts  most  shar|)ly  foctissed,  anotti* 
is  to  be  taken  after  tbe  objective  has  been  witbdiawn  a  little  by  tunii'*! 
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mtUcd-headed  screw.  It  is  often  in  this  way  that  the  t|ua]ities  of 
otfjective  are  discovered.  AstiUining  that  th«  plane  of  Uie  greyed 
screen,  and  that  occupied  by  the  sen&itised  plale,  ilridiy  cone- 
>nd,  if  the  second  image  be  out  of  focus,  another  trial  must  be  made 
it  the  apjurent  necessary  change  IcarnC  from  a  close  examination  of 
negative,  and  the  inuge  on  the  screen  has  been  made.  When  once 
correctly  found,  the  division  of  the  screw-collar  and  the  distance  in 
laches  at  which  the  camera  stands  fixed  by  the  |)egs  are  to  be  carerully 
noted  by  the  figures  on  the  guides,  as  necessary  for  that  objective  used 
It  Uic  [particular  distance  with  .sunlight,  anil  for  objects  co^'c^cd  by 
ihin  glass  of  tlie  thickness  in  the  case  of  the  particular  specimen  photo- 
graphed. 

Dr.  Maddox  remarks  that  when  the  edges  of  objects  under  the  higher 
powers  |>re&ent  on  the  grey  glaits  scrten  a  faint  lint  of  claret  on  the  one 
■ide  and  of  apple  green  on  the  other,  that  great  sharpness  will  often 
etisi  in  the  negative ;  the  errors  of  the  pairs  of  lenses  in  such  cases 
l»»Luicing  one  another  as  regards  the  actinic  focus.  The  roughness  of 
the  screen  vnW  not  in  all  coses  permit  of  the  eye  determining  under  sun* 
'^Snt  the  best  focus  for  t)ie  minute  markings,  aiiJ  some  fine  diffusing 
surtace  must  be  chosen,  as  a  well-waslied  sensitised  collodion  jilate, 
aowc<|  1^  a  solution  of  tannin  or  albumen,  or  the  surface  of  plate-glass 
'^vcred  by  fine  weak  starch  paste  recommended  by  Mr.  Carey  Lea.  or 
*he  seium  of  milk,  as  occasionally  used  by  Dr.  Maddox.  Dr.  Wood 
**«!  employs  plain  glass,  but  unless  a  coloured  medium  intervenes, 
"**re  may  be  some  risk  to  the  eye  in  working  with  the  lower  powers. 
■"e  object  may  be  focussed  through  a  parallel  polished  plate  of  blue 
,  *■**«.  Upon  the  whole  the  _finely  ground  surface  of  glass  has  been 
-"(Xjnd  most  serviceable  for  ordinary  work. 

Should  the  object  be  situated  some  distance  from  the  thin  covering, 
lly  if  much  of  the  mounting  medium  glass  inten-encs,  although 
objective  may  appear  to  work  fairly  through  the  depth,  it  is  seldom 
["*at  the  negative  of  the  image  jiroves  satisfactory.  In  such  a  cise  it  is 
*'*^<-ier  to  remount  the  object  or  select  anuiher.  Indeed,  for  tlic  tiner 
^orlt  it  is  most  desirable  that  the  objects  should  lie  just  beQeath  the 
"'^^cf-surface  of  the  thin  cover.  Diatoms  and  such  bodies  may  be  dried 
^^  the  thin  gta^s  cover  and  photographed,  or  after  luving  been  dried, 
"ty  may  be  placed  on  a  drop  of  balsam  warmed  on  the  glxss  slide.  If 
^^•^  be  any  vibration  from  unsteadiness  of  the  apj)aratus,  or  from  wind, 
^^   tcsult.s  will  be  unsaci.sf;u;tt)ry. 

34a.   BcDiUtliilnv  Mid    BxpottlUK    tbe    Plate. — The    suitable  sized 

'■*t«  of  properly  cleaned  gLoss  being  selected,  the  materials  required 

"^'^Hild  be  conveniently  placed  in  the  dark  room  or  pan  of  ihe  chamber 

"^Vcned  for  this  puriiose,  and  lighted  by  a  yellow  light  or  a  small  oil 

'**Bp  with  yellow  glass  shade.     An   ordinary  window  light  or  lamp 
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shade  may  l>e  made  yellow  by  a  covering  of  y^low  tissue  papa 
The  pUile  is  held  by  iis  sides  between  iJit  fingers  and  tliuinb  of  the 
left  hand,  face  downwards,  the  back  i>iped  carefully  with  a  i/ry  widi 
flat  camclhair  wa^  tool,  to  remove  small  particles  of  cotton  or  dot 
It  is  then  taken  by  the  left  hand  near  comer,  with  the  thumb  lai 
fingers  of  the  left  hand,  or  seized  in  tJic  centre  by  a  iHreuuiie 
holder,  and  the  Cice  duKted  over  with  the  brush.  Befiire  the  conv 
of  the  plate,  or  the  holder,  is  taken  up  by  the  lc(l  hand,  caie  nnst  tfr 
ukcn  that  the  tieck  and  Up  of  the  collodion  bottle  arc  perfectly  btt 
from  any  foreign  particles  Ukely  to  be  carried  oa  to  the  pbic  by  de 
stceam  of  collodion.  The  finger  is  commonly  passed  over  these  paism 
clear  away  any  dirt,  '["he  collodion  may  now  be  poured  with  a  ibadf 
flow  on  lo  the  pUtc  a  little  nearer  to  the  left  lund  th.-tn  its  exact  cenK. 
White  flowing  the  lower  and  up[)cr  left  comers  ore  to  be  gndnilli 
depressed,  so  that  the  collodion  may  be  fairly  brought  to  the  edges  of  tW 
plate,  while  at  the  same  time  the  ikk>1  b  being  increased  by  poiui^ 
The  plate  in  then  to  be  lowered  so  as  [o  allow  the  fluid  to  flow  tnlte 
right  further  comer,  and  Crom  this  into  the  bottle,  the  udes  of  the  ii||e 
of  plate  being  rested  on  the  lip,  the  phte  being  rocked  and  kept  il^G'"'^ 
inclined.  The  lower  part  bein^,  as  it  were,  dragged  against  tlie  neck  tt 
the  bottle,  the  Utter  is  to  be  do»cd.  The  plate  i«  to  be  held  homaft- 
tally  by  the  pneumatic  holder  for  ten  seconds  to  half  a  niinutc,  of  «« 
more,  according  to  the  serting  quality  of  the  collodion.  If  this  occur 
slowly,  it  will  be  better  to  rest  the  holder  on  some  flat  place  at  shetC  n 
that  the  warmth  of  the  hand  may  not  cause  unequal  eTa|>oralwi 
Mlicn  tlie  collodion  is  just  suHicienlly  set  to  take  nicely  the  im[in:saonU 
a  clean  flnger-tip  gently  pressed  into  the  flim  near  one  edge  of  the  {ilMc^ 
the  plate  is  a-ady  for  the  nitrate  of  silver  bntli.  During  the  "sctli^,* 
the  collodion  wliich  Itas  reached  the  back,  or  accuinulaleil  tn  eicta 
along  any  edge  of  the  plate,  is  to  be  removed.  The  plate  i&  to  be  ci» 
fully  detached  from  the  holder  and  placed  on  the  fluted  glass  or  lilver 
wire  di[>pt:r,  to  be  plunged  at  one  gradu.il  stroke  into  the  nilralc  bidt 
Here  it  is  allowed  to  remain  for  one  minute,  then  raised  and  U>«end 
several  rimes,  so  as  to  wash  the  surface  well,  and  permitted  to  raoua  » 
the  bath  for  one  or  two  minuies  longer,  when  the  dipper  with  pUicii 
lo  be  steadily  wiilidrawiL  If  the  plate  It  withdrawn  too  soon  it  «■ 
have  a  gray  streaked  surface,  as  if  oil  and  water  had  been  pcrured  «a 
the  plate.  As  soon  as  this  appearance  has  given  place  to  a  petAcdf 
smooth,  k'^^Vi  gray  surface,  the  plate  is  ready  to  leave  the  boUi,  W> 
matter  whether  it  has  1>een  in  a  short  or  long  time,  if  the  plate  rcnilo 
for  a  shott  time,  part  in  the  bath  otkI  |>art  out  of  it,  a  disagreeable  ax»- 
verse  line  will  be  formed  in  the  negative ;  therefore  inscn  it  with  the  "MB 
gradual  stroke  "  as  above  recommended.  The  plaie  being  removed,  il  i» 
to  be  rested  by  its  lower  edge  on  a  pad  of  cleao  blotting*fMipcr,  the  di{i[tf 
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Wtxd  to  the  kitk  The  back  of  the  plate  frame,  pi  t^XXII,  fig.  i, 
50S,  is  to  be  opened,  .ind  with  the  right  hand  the  pUitc  is  plAC«l  &ce 
rmvaids  in  the  frame,  which  should  Ik  dry  and  free  of  dust  The 
Be  of  the  ptate  frame  which  is  to  be  lowest  in  the  camera  should,  from 

introduction  of  the  plate,  be  kept  lowest,  and  that  edge  of  the  plate 
ch  was  lowest  in  the  bath  should  have  now  the  satne  relation  to  the 
te-holdcr ;  and,  to  go  back  a  step,  in  introducing  the  plate  into  the 
ft,  tbe  edge  at<Hig  which  the  collodion  film  is  thinner  is  to  be  selected 
iheone  to  be  lowest,  first  in  the  bath  and  then  in  the  frame-holder. 
e  back  is  now  closed,  and  the  fnune  cwervd  with  a  large  piece 
t^ack  calico,  and  rested  against  the  wall  or  ubte.  Next  the  ob- 
l^er  adjusts  the  prism,  removes  the  focussing  screen,  having  glanced 
the  image  on  it,  sets  the  covered  card  against  the  achromatic  con- 
9eer,  passes  the  slide-holder  under  the  focussing  cloth,  into  the  posi- 
a  of  tlic  greyed  sctven,  and  /i//s  mriJvUy  the  shutter  of  the  frame, 
t  bands  being  under  the  cIocIl  All  is  to  remain  for  a  moment  or  two, 
U  Tibrations  may  cease,  the  card  then  snatched  without  sluking,  and 
iddy  replaced,  a  period  of  Irom  half  to  twent>'-ltve  or  thirty-live 
Conda  being  allowed  for  the  image  to  be  impressed.  The  time  must 
1  iMrtit  by  practice.  The  shultcr  is  gently  closed,  the  frame  with- 
mm  and  replaced  in  the  cloth,  the  focussing  screen  returned  into  its 
ace,  the  caid  again  removed,  and  the  image  observed.  'I"he  prism 
lay  then  be  covered.  The  observer  now  returns  with  the  slide-holder 
\  the  dark  room,  and  proceeds  to  devdt^)  the  picture.  Hie  purpose  of 
K  rtobservation  of  the  image  is  to  see  if  the  object  and  its  focussing 
ftre  not  been  in  any  way  derailed,  so  that  if  the  development  is  found 
I  biini;  out  a  good  imag^  the  operation  can  be  repeated  without  the 
leoasity  of  letuming  to  tlie  camera  before  the  second  plate  is  got  ready. 

Ut.  Dcvctopinc  ibc  xmrntK- — Ia-'I  us  siip)>os<;  the  plate  to  be  a  small 
K  rirsl  see  that  the  nitrate  bath  is  cartJuHy  placeti  out  of  the  way  of 
B  ^kahts.  Pour  into  a  clean  developing  glass  an  ounce  or  more  of  the 
Mn  ilcTcloping  solution,  add  the  ncccssai)-  quantity  of  alcohol,  or  syrup 
adikohol,  and  mix.  Remove  the  plate  from  the  holder,  rest  it  face 
Ip  00  It  levelled  developing  stand  set  in  a  large  basin  or  pan,  dip  the 
tfi^d  opposite  comers  between  the  finger  and  thumb,  and  commence 
kwoad  siep  by  flushing  the  surface  witli  some  of  the  iron  solution, 
rip  Cbc  plate,  llut  the  liquid  may  quickly  flow  up  to  all  the  edge^  then 
Dove  it  gently  about  on  the  iof  of  the  stand ;  the  light  from  the  pro- 
bOtd  iainp  or  admitted  through  the  yeUow  glass  window  falling  nicely 
pi  the  surface,  watch  for  the  apiwarancc  of  the  image ;  this,  if  all  be 
nncct,  «ill  increase  steadily  up  lo  a  certain  point,  but  if  left  longer,  the 
in  lo  grey  all  over,  /ust  before  this  woiM  lake piaa,  tip  up 
throw  off  the  developer,  flush  the  plate  well  with  water  from 
ifig  or  ap  protected  by  a  piece  of  flannel  tied  loosely  over  it,  to  remove 
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all  the  iron.    Now  examine  the  plate  carefully  hy  liansmittcd  light  bm 
the  winduw  or  l»mp  with  yellow  shudc,  and  judge  whether  it  lie  *oflfc 
while  to  carry  out  the  other  operations.     Reflush  the  plate  again  ^^t^ 
water,  ]>our  off,  ant)  now  fiour  on  the  fixing  solutions — the  cyanide  of 
potassium  is  to  he  prcrerred.     Let  it  \)ass  all  over  the  plaio,  and  in  tea 
than  a  minute  the  place  will  be  cleared  of  the  unaltered  biomo-iodide  of 
silver.    Wxsh  well  front  and  back  with  clean  common  water,  drain  dk 
plate  for  a  moment,  and  pour  on  it  along  the  edge  sufKclent  of  the  soh 
lion  of  iado-iodide  of  potassium  to  well  cover  tlie  surface;  allow  tldsto 
remain  on  Ihc  plate  umil  the  grey  colour  of  the  image  passes  tojwanixT 
tone  (two  or  four  minutes  or  more)  J  pour  off  the  fluid,  examine  it 
quickly  with  a  hand  magnifier  by  ordinary  light.     If  the  imago  n<y»las 
the  appearance  of  being  in  focus,  wash  the  plalc  well  wirh  common, iben 
with  clean  fresh  rain  or  distilled  water  ;  let  this  stand  on  it  whilst  jou 
pour  into  a  c/gan  developing  glass  about  2  J^.  3,  or  more  drachms  of  liw 
pyrogallic  solution ;  add  to  this  from  six  to  ten  droiw  of  ihe  $>ipvD 
nitrate  of  silver  solution,  add  two  to  four  drojKi  of  the  nilro-silva  loh*- 
tion,  mix  these  by  twirling  the  hand  holding  the  developing  glass,  pout 
off  the  water  from  the  plate,  and  carefully  pour  on  along  the  edge  f 
comer  this  mixed  fluid,  so  as  to  flow  to  the  edges;  rock  as  bcfowJ 
after  a  brief  period,  according  to  liie  appearance  of  the  image,  reto** 
the  fluid  lo  the  developing  glass  and  pour  on  again ;  repeat  thii  sercv" 
times,  just  holding  the  plate  in  the  intervals  between  the  eye  and  laiB^ 
to  judge  of  the  increased  intensity,  which,  when  it  appears  sufficient 
should  in  the  darkest  pans  permit  the  flame  of  the  lamp  or  ydlo* 
window,  to  be  just  seen  through.     Now  wash  well  with  water,  and  fini*'' 
with  a  liule  soft  water.     With  a  small  towel  wipe  the  backr  and  id  the 
plaie  to  drain  in  a  plate-rack,  attaching  to  the  lower  eonier  a  small  pic** 
of  blot ting-(Ki per,  or  the  plate  can  be  dried  off  at  once  met  the  lamp- 
It  is  sometimes  dillicult  to  judge  of  the  real  intensity  gained  under  tbi^ 
treatment,  when  the  image  is  observed  by  yellow  light;  therefore, ifc** 
the  flowing  over  of  the  iodide  of  potassium  solution,  the  renuiiidtt  o* 
the  ojjcrations  can  be  conducted  by  the  direct  light  of  the  small  lamp,* 
any  moderate  diffused  light. 

Should  the  development  have  been  carried  a  little  too  fsir,  or  i1k«* 
'he  fine  transparent  markings  appear  thickened  or  clouded,  beftxe  «•■ 
up  the  plate  to  drain,  flush  it  with  a  mixture  of  equal  jMirls  of  ^ 
le  and  iodide  solutions  and  distilled  water,  then  well  wash.   Uoikt 
tnicnt  m;my  of  the  minute  spots  and  half-toned  points  bcco* 
Y   biightencd.     Sonic   prefer   to   intensify   before   usii^  ** 
Uinn,  by,  first,  under  non-actinic  light,  after  the  iron  dec- 
itffii  wxiihcd  from  the  plate,  pouring  on  the  pjrro  solulioOi 
•hoi,  returning  it  to  the  developing  glass,  then  adding  lb' 
hitions  and  repouring  on  and  off  the  i^mxc,  until  il^^ 
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e  has  been  brought  up  to  the  necessary  intensity,  when  it  is  to  be 
-^Dwhed,  and  then  treated  n-ith  the  hypo-fixlng  solution  or  the 
nidc  Or  the  opciator  may  proceed  to  intensify  after  wtll  waiihing 
t^e  iron  solution,  after  clearing  l>y  c>'nnidc  or  h)r|)0  solutions,  using 
•  Vy^  ^'^  silver  solutions,  williout  llic  jircvious  use  of  the  iodo-iodide 
potassium  solution.  The  fixing  solutions  are  returned  to  their  respec- 
K  -vessels  (short  widc-inoulhed  bottles  or  jugs  arc  convenient),  and  can 
BO&cd  over  and  over  .igain,  adding  a  fresh  quantity  as  occasion  may 
•quire ;  but  the  cyanide  solution  must  not  be  left  exposed,  for  it  soon 
j»es  cyanogen,  and  the  vapours  arc  deleterious.  Keep  the  hands  con- 
nually  wiped  in  these  operations.  If  the  plate,  after  the  application  of 
be  iron  solution  and  cyanide  solution,  have  the  appearance  of  undtr 
xposure,  the  image  indistinct  in  detail — or  of  being  over  exposed,  ihc 
Dioge  of  a  too  dark  and  uniform  character  throughout — or  of  being  out 
f  focu5 — it  will  not  be  worth  while  to  proceed  to  further  dc^-elop  tt ;  . 
Riflb  it  and  carry  it  lo  the  light,  examine  it  with  the  hand  magnifier,  as 
atat  part,  not  that  specially  focussed,  may  appear  the  sharpest  and 
erve  to  indicate  the  alteration  required  on  rc-focussing.  If  any  extra- 
leous  light  should  have  entered,  through  defects  m  the  camera  or  at  the 
'CTtical  frame,  or  from  the  tilidc-holder,  or  when  prejiaring  the  plate  in 
he  cLirkvned  room,  or  before  appl>'ing  the  dxtng  solutions;  or  if  the 
litrale  bath  and  chemicals  be  nut  in  ]>crfccl  condition,  the  pkite  when 
leared  «~ill  appear  fogged  or  mii^ty,  and  not  yield  gi^od  prints. 

Generally  it  is  advisable,  when  the  negative  appears  correct,  to  Uke 
second  one  under  the  iarac  arrangements,  only  re-arranging  the  prism  ; 
eldom  can  the  exact  rclatioM  be  re-established,  and  after  the  rcncicring 
f  another  negative  it  may  be  found  that  the  little  altemiion  in  the 
lunr^ination,  barely  visible  on  the  screen  to  the  eye,  has  given  a  still 
lore  pcTfect  character  to  the  image,  or  further  developed  some  of  the 
Ber  markings. 

S4S.  or  iBcn-judnK  the  intcakliy  of  the  ?rttntiiT(!.^Tht;rc  is  much 
fiiculty  in  obtaining  a  clean  dense  negative,  which  sliall  preserve  dis- 
nctness  in  llie  finest  markings.  When  the  attempt  is  ra.ide  lo  procure 
ealei  intensity  by  the  intensifying  processes,  the  fresh  deposit  of  silver, 
^H  the  shrinking  of  the  collodion  in  dr)-ing,  will  oAcn  so  completely 
up  these  lines  that  their  definition  becomes  lost  in  the  prim.  'Jo 
idcavour  10  5til1  presence  these  and  add  priming  intensity  to  the  ncg.v 
re,  some  employ  a  solntion  of  bichloride  of  mercury.  Dissolve  in 
o&  of  distilled  or  soft  water,  12  grains  of  the  bichloride  of  mercury  or 
ire  sublimate  ;  label  the  solution  Poison.  After  devcIo|Mng  with 
waging  and  continuing  the  development  with  the  silver  and  pyro 
itions,  fixing,  and  re-washing,  the  plate  is  flushed  with  the  sublimate 
utd  (which  is  allowed  to  remain  on  until  the  inuge  becomes  of  a  dark 
colour  if  the  solution  be  used  weaker,  a  grs.  to  the  oz.  of  water), 
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then  well  washed,  and  recovered  with  a  weak  solution  of  iodide  of 
potassium,  from  i  to  2  grs.  to  the  oz.  of  water ;  this  will  give  the  tnage 
a  diny  grey  or  Kreen  tinge,  which  will  often  dry  of  a  daiker  colour,  'fit 
bichloride  can  also  be  used  after  the  iodide  of  potassium  solution,  uHdug 
care  to  wash  the  suifflcc  well  before  applying  it,  then  again  washing  off 
with  water,  the  plate  may  be  covered  with  an  old  weak  solution  of  hypo- 
sulphite of  soda,  or  a  few  drops  to  half  a  dmchm  or  more  of  the  stroo| 
liquor  of  ammonia  in  half  a  pint  of  water,  or  sulphide  of  ammonium  in 
water.   Some  em|jloy  iodide  of  mercury  dissolved  in  iodide  of  pousskuni 
and  thus  gain  the  advantage  of  using  the  mcrciir>'  and  iodide  in  one 
operation.   In  cases  in  which  the  bichloride  lias  been  used  to  odd  totbe 
intensity,  the  negatives  when  dry  often  present  a  remarkable  shatpoeS^  * 
but  it  is  no  uncommon  thing  to  find  that  when  the  plate  has  been  drico* 
spontaneously  even,  the  moment  it  is  handled  the  collodion  flies  Jtr»^ 
cracks  often  into  Uie  image ;  to  prevent  this  it  is  requisite  to  pour  ov**" 
the  plate,  after  the  last  washing,  a  weak  mucilage  or  gum-water.     In  tl^'* 
case  care  must  he  taken  to  well  drj-  the  plate  prior  to  \*amishinj,  as  gL»  «* 
is  to  a  small  extent  an  absorbent  of  moisture. 

In  the  journals  and  manuals  on  general  photography  various  meth*^^ 
are  set  forth  to  endeavour  to  procure  by  one  ojieralion  sufficient  intc 
sity  to  i>rint  from.  Mr.  M.  Carey  Lea  strongly  recommends  gvlad*^ 
soaked,  the  water  injured  off,  then  acted  on  (without  heat  in  all  !*"■ 
operations)  by  sulphuric  acid,  the  acid  lo  be  taken  up  by  the  grtdf**" 
addition,  when  cool,  of  clean  iron  filings  or  thin  iron  wire,  and  the  cKi 
of  acid  finally  removed  by  the  acetate  of  soda.  Others  have  propoa^sso 
^  solution  of  gelatine  in  acetic  acid  or  nitric  acid  and  the  addition 
this,  from  a  few  drops  upwards,  to  the  ordin-iry  pmtosulphate  of  iron 
ammonio-suiphateof  irondei'cloper,  wilhont  the  acetic  acid  (Dr.  TowicK^'* 
method).  Some  use  honey  or  a  little  albumen  added  to  the  pjiD-aoefc*^ 
and  silver  solution  for  ihi;  s,ime  object. 

s-aa.  TamlBblnB  the  Pimte.— A\licn  the  plates  are  dry,  clean  off  lf~BC 
edges  with  a  damp  cloth  held  on  the  forefinger  nail,  wipe  well  the  l»cS^ 
and  hold  the  pUlc  before  a  clear  fire  until  moderately  warm  to  die  hn^s* 
of  the  hand ;  take  it  by  one  comer  and  pour  on  the  varnish  (Sochn^  ■* 
very  good).  Allow  it  to  flow  freely  over  the  surfecc,  and  remain  for  hsaJf 
a  minute  or  less  on  it,  then  pour  b-ick  the  surplus  into  the  bottle  frW 
one  comer,  not  rocking  the  plate ;  let  it  drain  a  little,  then  hold  d** 
plate  towards  the  fire  vertically,  the  edges  from  which  the  vambli  w** 
poured  being  downwards,  and  wipe  them  with  a  piece  of  rag  or  tis*^ 
paper,  to  prevent  a  thickened  line  being  formed  and  extending  tnwaKb 
as  the  phuc  dries.  If  intended  for  cnla^ng.  it  is  fiir  betiei  not  to 
varnish  die  plate  in  any  way;  but  to  i>revent  Ihe  surface  from  b«n(ig 
injured,  ii  may  be  flowed  with  weak  albumen,  then  dried,  and  pltDgo) 
inio  a  dish  of  alcohol. 
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I  tMtmmoK  Old  PiauMi. — The  soiled  an<3  used  plates  can  be 

the  iTcsh  use  o(  washing  soda;  those  vainished  should  be 

ir<r(J  to  soak  inaveryhot  strong  solution  of  this  substance,  or  rubbed 

^  r^ntgct  of  low  dipped  in  nitric  acid ;  or  Ueatcd  by  Mr.  M.  Carey 

'k   method.     If  ihcy  arc  to  be  used  again  they  must  be  cleaned  with 

t-t    caK. 

PRINT!  Na 
The  oegatiTc,  If  it  be  preferred,  can  be  handed  to  a  jirofcssional 
Wogfnphic  printer,  who,  however,  should  be  acquainted  with  the 
^racter  of  the  object,  or  its  chief  characterisrics  should  be  pointed 
It  to  him  ;  otherwise  a  print  may  be  returned  bearing  anything  but  a 
^falance  to  the  real  appearance  of  the  object,  as  seen  in  the  micro- 
lope  ;  the  tendency  generally  licing  to  over-print  and  render  a  delicate 
bjcct  heavy  and  out  of  all  character.  Wc  shall  complete  this  chapter 
y  oderinK  such  instnictions  as  may  at  least  enable  the  amateur  to  print 
it  himself. 

MB.  PirpuinK  the  Paper,  Expo«lnK  and  WmahlBs. — Select  altiu- 
(■eaised  paper,  the  best  procurable,  either  Bive  or  Saxe,  and  such  as  is 
Bed  for  the  finest  cartes  de  \isitc.  Cut  the  sheet  into  six  equal  parts 
|r  to  the  sire  ronvenient  for  sensitising,  or  according  to  the  size  of  the 
icptives,  taking  care  not  to  soil  the  <nirfacc  with  the  fingers. 

Take  the  paper  by  die  diagonal  corners,  bend  it  slightly  Iweic  and 
lower  It  gradually,  without  any  stoppage,  albumen  side  downwards,  on 
i  iolution  of  nitrate  of  silver  60  to  80  grains  to  the  ounce  of  water,  and 
^ui  one  drop  of  nitric  acid  to  four  or  six  ounces  of  liquid.  Be  careful 
IfatE  no  air  bubbles  are  confined  benc-ilh  the  paper.  To  axcertiin  this, 
Sft  ibc  comer  by  a  pair  of  bone  forceps.  Allow  the  paper  to  remain  from 
>ne  to  two  minutes  for  the  80  grain  solution,  and  three  minutes  for  the 
JO  grain  solution.  The  object  is  to  form  a  chloride  of  silver  as  much 
»  pofisibte  on  the  surface  of  the  albumen.  Pin  up  to  drain,  and  append 
ipiece  of  blotting  paper  at  the  lowest  comer.  When  surface  dr)-,  if 
p^uitrd  at  once,  the  drying  may  be  hastened  by  placing  llie  papers  in 
box  lined  with  blotting  paper  aiid  heated  by  a  warm  clean  brick  or 
jar  of  hot  water.  The  paper  most  be  prepared  in  non-actiaic 
land  can  be  preserved  for  future  use  in  a  prcscrvativc-case  sold 
ie  purpose. 

be  negatives  arc  wiped  on  the  back,  placed  face  «p  in  the  printing 
figs.  2  to  5,  pi.  LXXn,  the  sensitised  paper  put  face  down* 
:  on  them,  then  covered  by  a  pad  of  red  blotting  pnjier  or  cloth, 
back  of  the  printing  frame  properly  closed.     These  frames, 
by  a  dark  cloth,  are  carried  to  the  window  ledg^  or  table  at  an 
fK-n  window,  and  placed  so  as  to  receive  the  direct  sun's  rays.     After 
jdg,c  of  the  paper  is  seen  to  be  well  browned  or  bronzed,  the  back 
printing  frame  can  be  carefully  o]>ened  in  difiused  light,  the  print 
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quickly  examined,  the  back  reclosed,  and  the  frame  returned  to  die 
same  position  if  not  already  sufficiently  printed.    Mr.  Deedce  dispUjt 
great  patience  and  skill  in  slowly  printing  in  diffused  light     He  coven 
and  uncovers  part  after  part  of  the  negative,  to  allow  for  the  vaiyiag 
density  of  the  different  parts  of  the  picture,  due  to  the  varying  thicknea 
or  opacity  of  the  corresponding  parts  in  the  microscopic  object    Sotn^ 
times  the  printing  is  better  If  conducted  in  a  north  light,  or  under 
ordinary  daylight  instead  of  sunlight,  according  to  the  character  of  tb& 
negative.     The  paper  and  the  prints  are  to  be  kept  in  dark  boxes  of 
drawers ;  but  in  the  intervals,  while  waiting  for  the  printing  to  go  oti^ 
the  prints  are  to  be  taken  from  the  dark,  and  in  diffused  light  trimmeA^ 
and  then  returned  to  the  box  or  drawer.     Much  of  the  el^ance  (rf*  ^^ 
photograph  depends  upon  its  being  correctly  trimmed.     The  best  an^ij 
simplest  way  of  doing  this  is  to  lay  the  print,  face  up,  on  a  plate  of  ^as^^ 
to  cover  just  that  part  of  the  print  required,  by  a  plate  glass  pattern,  tnil;^ 
cut  witli  a  diamond,  and  with  edges  perhaps  ground,  and  then  to  nao 
a  sAarp  knife  at  a  single  stroke  through  the  paper  close  to  each  edge,  in 
turn,  of  the  pattern.     When  the  printing  is  finished  float  the  prints  lacc 
downwards  on  a  large  flat  dish  of  clean  rain  water,  then  on  common 
water  in  another  dish  ;  afterwards  plunge  them  under  water  in  anodier 
deep  vessel,  allow  them  to  remain  for  five  or  ten  minutes,  occasionaUy 
stirring  them  about,  and  relay  another  set.     One  of  the  above  waten 
should,  before  putting  the  prints  in,  have  a  small  pinch  of  cominoa 
salt  added,  just  enough  to  turn  the  prints  to  a  bright  red  colour.    (TTib 
contrasts  with  the  colour  the  prints  assume  in   the  toning-bath,  and 
enables  one  to  better  appreciate  when  the  toning  is  sufficient)     Theyare 
now  ready  for  toning.     Some  plunge  them  into  water  and  change  the 
water  several  times,  but  in  this  case  the  backs  are  wetted  and  the  un- 
changed nitrate  or  chloride  of  silver  admitted  into  the  pores  of  the 
paper,  which  is  not  advisable.     Before  placing  the  prints  in  the  toning 
solution  it  is  as  well  to  let  them  drain  against  the  sides  of  the  dish,  if 
of  small  size ;  if  larger,  to  at  least  wipe  over  the  front  and  back  with 
a  glass  rod,  so  as  not  to  pass  them  into  the  toning  bath  in  a  veiy  wet 
state. 

S40.  Toninir- — The  toning  solution  is  prepared  as  follow5>- 
8  drachms  of  distilled  water;  7^  grains  of  chloride  of  gold.  If  Ibe 
solution  is  not  to  be  used  at  once,  i  drop  of  hydrochloric  acid  is  to  be 
added  to  the  above  solution,  which  must  be  kept  in  a  stoppered  bottle 
in  the  dark. 

Pour  one  drachm  of  the  gold  solution  into  a  clean  developing  ^as 
or  measure,  and  add  one  ounce  of  distilled  or  soft  water.  Into  another 
clean  glass  vessel  put  half  an  ounce  of  soft  water,  and  5  grains  of  bi- 
carbonate of  soda.  Part  of  the  soda  solurion  is  to  be  added  to  the 
gold,  gradually  stirring  during  the  time.     The  solution  is  to  be  tested 
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i-Jrii    bliic  litmus  paper.     The  addition  of  soda  solution  is  to  be 

tiiiitJosly  contimicd,  until  tlic  jujior  is  no  longer  reddened,     A  drop 

If  two  mon.*  of  the  soda  is  ihen  la  be  added,  and  the  neutralised  so'u. 

yxs  of  chloride  of  gold  poured  into  a  clean  snuU  flat  dish,  and  mixed 

ith     About  S  ounces  of  sod  water.     Set  this  near  to  the  window 

-x-eened    by  the  yellow  curtain  or  glass.      Remove  the  washed   and 

(lra.irie<l  prints  from  the  disli,  and  pass  them  into  the  toning  solution, 

a  few  at  a  time.     Here  they  are  to  be  kept  in  motion :  as  they  appear 

JO  tl&rken.  just  lift  the  curtain  aside  and  note  U»e  tint  they  have  assumed 

\jy  daylight,  but  they  must  not  remain  exposed  to  the  Uuhl  any  time,  or 

the  white  pons  will  be  injured.    The  other  dishes  should  likewise  be 

attended  lo  and  covered  over  with  a  sheet  of  paper  to  keep  the  light 

froin    them.     In  the  toning  bath  the   prints  gradually  lose  their  red 

colour,  becoming  of  a  warm  brown,  then  of  a  warm  black,  and,  listly, 

of  a  cold  gray  black  colour.     If  the  prints  ore  removed  when  wartn 

black,  the  photographs  when  finished  will  be  of  about   the  tone  of 

pictures  in  the  portrait  galleries.     If  taken  out  aooncr  they  will  be  more 

red ;  if  later,  more  block.     As  fast  as  toned,  the  prints  are  passed  into  a 

dish  of  dean  water.     The  toning  should  all  be  done,  and  the  dishes 

Mid  glass  rods  used  in  handling  the  prints  put  away  before  the  fingers 

even  touch  the  hyposulphite  of  soda.    Even  the  dish  containing  the 

prints  should  lie  put  on  one  side  until  the  fixinj^  solution  is  ready.    The 

toning  solution  may  be  kept  in  a  bottle,  and  the  portion  above  the 

pri»:ipiL]te  which  falls,  decanted  each  time  it  is  ttsed  into  the  toning 

dtsih,  a  little  of  the  soda  and  gold  »>Iutions  being  added  at  each  toning. 

T^c  quantity  of  the  toning  solution  prepared  must  be  in  proportion  lo 

tli«  size  and  number  of  prints,  about  i  grain  of  gold  to  one  full  sheet  of 

paper. 

asA.  Another  Toning  MoiutinM. — One  grain  of  chloride  of  gold,  or 

I   drachm  of  the  solution,  is  to  be  ncutTali.scd  with  bicarbonate  of  soda 

'in  9  or  lo  ounces  of  soft  water,  then  half  a  drachm  of  the  crystallised 

acetate  is  to  be  added.    This  is  to  be  used  the  day  aAer  making;  it 

Icccrps  well,  and  can  be  stiengtbened  by  adding  fresldy  made  solution 

prepared  somewhat  stronger.    Occasionally  the   neutral  or   alkaline 

solution  of  gold-bath  will  not  act ;  but  if  the  dish  be  set  over  a  jug  or 

baaio  of  hot  water,  the  toning  action  will  commence,  or  a  few  drops  of 

tile  chloride  of  gold  may  be  added.     Good  toned  prints  have  also  been 

pcodticcd  by  using  the  weakened  neutral  solution  of  gold  and  soda, 

for  the  next  lot  of  prints,  adding  some  fresh  solution  of  gold.     Other 

tuoinj;  solutions  are  made  with  bibunitc,  or  phosphate  of  soda;  also  with 

acetate  and  chloride  of  lime. 

The  unaltered  chloride  of  silver  has  now  to  be  removed  frrnn  the  paper. 

90.  ruinr. — The  fixing  solution  is  made  by  putting  into  a  gutta- 

peiciiA  dishjkcpt  for  this  purpose  only,  according  to  the  size  and  number 
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tif  the  prints, — 2  oudccs  of  h7posuIphit«  of  soda  to  8  or  10  ounces  cf 
toft  water. 

As  a  precaution,  in  case  the  hyposulphite  should  be  add,  a  snB 
lump  of  cbaXk  or  whiting  is  to  be  abided.  Bemovc  the  prints  from  tbe 
water,  drain  well,  if  convenient,  against  the  sides  of  the  dish,  then  poA 
them  nngly  into  the  fixing  solution,  keeping  ihem  there,  in  the  cue  of 
a  thin  paper,  for  10  minutes,  and  a  thick  paper  for  15  minutes.  Tfaef 
must  be  kept  in  motion.  These  different  processes  should  be  coo- 
ducted  more  or  less  continuously  bo  as  not  to  lose  time. 

When  the  jirints  arc  removed  from  the  hj^posulphhe,  drain  well,  then 
pass  them  into  a  vessel  o(  clean  water.  wlUdi  should  be  changed  oAcn 
duriag  tbc  first  hour,  drainiog  completely  each  lime.  They  nuy  thea 
be  left  for  6  hours  or  longer,  the  water  being  changed  cvoy  half  bow; 
or  kept  under  a  gentle  stream  of  water.  They  arc  to  be  tinislted  by 
soaking  them  for  a  short  time  in  hot  water.  After  this  they  ore  Uid 
face  upwards  on  bibulous  paper  to  dry.  The  hyposulphite  solutku 
should  be  used  when  freshly  ntade. 

aa*.  or  nouniiiiK  me  PrlnUL — The  most  acrarate  prints  are  tboii 
which  arc  not  mounted ;  because,  in  the  mounting,  the  print  beconu 
wider  or  longer,  according  as  the  prim  is  cut  acrms  or  with  the  lengA 
of  the  original  sfaeeL  The  comers  simply  might  be  fastened  toa«V 
mount  by  (lour  or  starch  paste.  If  for  any  reason,  however,  the  pritdi 
are  to  be  mounted,  dip  them  one  by  one  into  water,  and  pile  them  ooe 
on  the  other,  dec  down,  on  a  plate  of  glas,s.  Thoroughly  sqttcca  tfce 
water  from  the  pile.  Press  a  blotter  for  an  instant  to  e\cry  pan  of  ih« 
back  of  the  lop  print,  and  then  apply  evenly  to  the  back  by  means  of  ^ 
brush,  somewhat  thick,  almost  stiff  starch  paste,  lift  one  comer  of 
the  print  with  a  penknife,  and  then  the  whole  print  by  the  fingers,  tun 
it  over  into  its  proper  position  on  the  card  or  paper  mount,  w 
thoroughly  press  it  home  with  a  clean  blotter.  Thus  treat  each  priiii  c 
the  pile  in  turn.  To  "finish"  the  mounted  picture,  photogtaplks 
lightly  sponge  the  ftont  with  a  solution  of  French  soap  in  alcohol,  aa? 
after  a  few  minutes  pass  ihc  picture  between  hot  polished  steel  rollers 

saa.  rhotorraphN  or  ■Icnwcvple  OktiMla  tmr  Ui«   Sl«ste 
— .\lthough  no  means  are  yet  known  by  which  a  minute  obji,^ 
magnified  by  tlie  higher  pon-ers  of  the  microscope,  can  be  thrown 
a  screen  so  as  to  be  seen  by  a  number  of  pereons  at  once,  almost 
same    result  has   been   obtained  hy  mngnift^ing  a  photograph  of 
olijcct  in  an  oxy-hydrogen  magic  lantern.     It  may  xvn  be  out  of 
to  say  a  few  words  on  the  ni^ativcs  best  suited  for  enhrgement,  aad 
mode  of  enlaiging  to  a  moderate  $ue.    The  negative  should  be 
without    stains,    and    if  containing  only   a  single   object — or 
separated, — the  field  should  be  only  sufficiently  dense  not  to  aHov 
tight  to  pass  through  in  the  period  of  time  neeessax;  to 
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■er^rsed  copy  or  positive  on  glass.  To  effect  this  there  are  several 
If  to  be  of  the  same  size,  a  sensitised,  alhumcniscd,  or  tannin 
p>fued  plate,  dry,  has  the  negative  laid  carefully  face  down  on  the 
f>,ared  surface,  and  fixed  a.s  in  a  printing  frame,  or  held  very  tightly, 
exposed  to  ordinary  day-light  for  a  few  seconds,  or  else  for  a 
fS:d  period  opposite  a  fish-tail  gas-light.  When  impressed  the  nega- 
s  is  removed,  and  the  image  developed  in  the  manner  employed  for 
r  "kind  of  film  used.  A  very  fine  deposit  is  requisite,  therefore  the 
■vcJopraent  should  be  gradual ;  great  diversity  of  tone  is  procured  by 
pcmg  various  articles  in  the  developer,  or  folloiring  its  re-application,  as 
oaey,  raspberry  syrup,  &c,  or  the  image  when  dcared  by  cyanide  of 
ouissium  or  hyposulphite  of  soda,  and  well  washed,  may  be  toned  by 
^Id-toning  solution. 

If  to  be  taken  on  a  wet  plate,  a  proper  copying  camera  or  two  draw 

tanaeras  are  commonly  used :  the  negative,  face  towards  the  interior 

olthe  camera,  is  placed  in  the  ordinary  camera  slide,  and  this  trucrted 

uits  place  and  opened.     A  portrait  combination  is  fitted  to  the  opposite 

cod  of  this  camera  if  the  nqptivc  is  to  be  in  any  way  enlarged, — if  not 

to  aaoilier  camera,  and  the  front  lens  made  to  lace  the  negative ;  the 

tBO  cameras  ore  then  fixed  face  to  face,  and  the  light  round  the  aj)crturc 

of  the  letises  and  the  junction  with  the  additional  camera  made  abso- 

totdy  light-tight :  the  cameras  tlius  fixed  to  any  board  are  pbced  so 

thit  the  negative  taces  a  north  light ;  by  means  of  the  rack  and  pinion 

t(  the  combtrution,  and  ihe  draw-part  of  cither  or  both  cameras,  a 

iaap  image  of  the  negative  is  to  be  formed  on  the  grayed  glass  of  the 

second  camera,  and  then  received  as  in  the  ordinary  manner  on  the 

ptcpond  }datc  :  a  short  exposure  only  is  needed.     It  is  as  veil  to  limit 

du!  field  by  placing  a  piece  of  thick  black  paper  tnth  the  necessary  sized 

aodihaped  aperture  in  it,  on  the  back  of  the  negative  before  placing  it  in 

llvdide.    Care  should  be  taken  Id  secure  the  negative  in  its  position 

in  cue  of  accident.    Or  a  copy  con  be  made  by  placing  the  negative  in 

t  Kitical  frame  supported  on  a  table  near  an  open  window,  and  a  large 

while  card  or  mirror  placed  a  Htttc  distance  olT,  at  an  angle  behind  it, 

10  ai  to  illuminate  the  surface  equally  by  transmitted  light,  and  the 

oMinaiy  camera  used  as  in  copying  engr3>'ings  or  pictures, — care  being 

liken  that  the  reflected  light  from  the  screen  is  not  thrown  into  lie 

leu  at  well  as  transmitted  through  the  negative.     A  proper  copying 

cntoa  is  the  best.    In  enlarging,  some  employ  a  special  reflector,  when 

Imposition  of  the  negative  must  be  arranged  with  care.     The  positive 

Am  obtained  can  in  its  turn  be  made  to  furnish  a  second  negative  of 

>  limiUr,  larger,  or  smaller  size. 

As  these  photographs  abound  in  delicate  detail,  an  oxy-hydrogen 
"cbcuk  Unturn  with  achromatic  lenses  is  necessary  for  their  proper 
Ai^.    The  lanlem   and  arrangements  for  producing  the  light  are 

t  1 
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shorn  in  pL  LXXIII.  The  Lintcm  should  be  made  of  old 
mahogany,  so  that  warping  may  not  be  produced  by  the  very  iiuenie 
beat  ur  the  lime  light.  Behind  the  spring  stage,  which  carries  thr 
photographic  slide,  M.  T.  T.  Taylor  ha«  placed  a  combination  of 
leo&es,  35^  inches  in  diameter,  called  *'  the  condenser."  (Sm  paper  ia 
Reports  of  the  British  Association.)  The  object  of  this  unngemeql 
is  to  collect  luid  concentrate  the  light  emitted  by  a  cytif>der  of  lim 
rendered  incandescent  by  an  ignited  jet  of  oxy-hydroigen  jps,  apn 
the  surface  of  the  photograph,  through  which  it  passes,  and  then  coo- 
verges  upon  an  achromatic  combination  placed  at  a  proper  focal  dtstaoce 
in  fronL  The  rays  on  passing  onwards  diverge  and  the  enlaignt 
shadow  of  the  photograph  is  projected  upon  an  opauiue  ortranspum 
screen.  By  this  means  all  the  details  of  an  object  less  than  a  pinV 
point  in  size  may  be  shown  with  perfect  defmiiion,  twetuy  feet 
diameter.  The  hydrogen  may  be  obtained  from  any  house 
by  simply  connecting  the  tap  of  a  gas  brarkct  by  a  piece  of 
tubing  with  the  hydrc^cn  tnbc  of  the  jet.  The  oxygen  is  ohiai 
heating  a  mixture  ot'  chlorate  of  potash  and  oxide  of  mai^ancsc  iai 
proper  retort,  and  collecting  the  gas  in  a  wedge-shaped  gas-big,  lAs 
passing  it  through  a  wa.<ihing  IkHIIc  to  purify  iL  Condensed  oi|ga 
may  now  be  purchased  ready  for  use  in  strong  iron  bottles.  The  iof^ 
cock  of  the  gas-bag  is  connected  with  the  oxygen  tube  of  the  jet  tf 
flexible  tubing.  The  jet  is  so  arranged  that  it  is  impossibte  for  07 
accident  to  occur  in  the  shape  of  an  ext^oeion,  tlie  gases  only  btOf 
combined  at  the  extremity  of  the  jet  ^''hen  house  gas  is  not  attaiuUe 
the  jet  of  oxygen  may  be  forced  through  a  spirit  flame  on  to  the  im 
ball,  or  if  a  small  disc  of  seven  feet  in  diameter  is  considered  sv&aat, 
such  photographs  may  be  shown  by  means  of  a  paraffinc  or  other  hj^O- 
carbon  tamp,  if  the  triple  condenser  and  single  achmmitic  lens  be  a» 
ployed.  The  most  intense  light  is  obtained  by  replacing  the  hoiMj* 
(carburclted  hydrugcn)  with  pure  hydrogen,  and  burning  botli  pea 
under  an  increased  pressure,  and  oiixcd  in  a  suitable  jet,  jast  bc&R 
being  forced  upon  the  lime  ball. 

3ft4.  iroD  *imm  Battt««. — I'be  Xndia-rubbcT  gas-bags  ore  now  raptf- 
scded  by  the  use  of  iron  bottles  charged  by  means  of  condensing  pattfl 
with  the  gas  to  the  pressure  of  30  atmospheres.  One  bottle  a  cqainkH 
in  contents  to  six  of  the  gas-bags  formerly  employed.  Th«e  iroo  re«r 
voirs  arc  cheajter  and  last  longer  than  the  gas-bags,  and  in  then  Ifac 
gases  may  be  kept  for  any  length  of  time.  They  are  always  rradj  to 
use;  the  cumbrous  pressure  boards  and  weights  are  dispensed  wit^tad 
they  arc  free  from  dangerif  purchased  from  a  maker  thai  can  be  relnloa 
(See  Mr.  Higlilcy's  paper  read  before  the  Society  of  Arts,  Januaf)'  *^ 
1S63.)  Mr.  How,  of  Sl  Bride  Street,  L4idgatc  Hill,  provides  the  n:nuiji» 
mstniments  and  apparatus.  A  list  of  books  on  photogriiphy  of  v*!utW 
the  practical  opctatot  «\\\  V>e  foMxid  ai  (.be  end  of  the  present  Tolumc 
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BB4.*  On  tke  Vm  vf  CclattHS-Brmalde  Bfj  riatca  tmr  rkvta. 
Mientrmrttr. — It  is  probable  that  the  diy  plates  will  be  found  voy 
advantageous  for  taking  photographs  of  microscopic  objects.  They  are 
far  more  sensitive  than  the  ordinary  moist  plates  and,  consequent!;, 
much  greater  care  is  required  in  manipulation,  and  especially  in  the 
arrangement  of  the  dark  chamber,  for  an  amount  of  light  which  vould 
not  affect  the  ordinary  plan  would  cause  fogging  in  the  plate  or  entire^ 
interfere  with  the  d:^  process.  Messrs.  Wratten  and  Wainwright,  of 
38,  Great  Queen  Street,  have  recently  prepared  plates  which  are  ten 
times  as  sensitive  as  ordinary  wet  plates.  Professor  H.  Vogel  speaks  of 
the  "  astonishing  results  "  obtained  by  this  process.  Dr.  Clifford  Mercer 
has  seen  an  image  produced,  in  the  light  of  an  ordinary  gas  light,  io 
two  seconds,  and  there  is  no  doubt  that  the  process  is  well  suited  for 
photc  micrography.  The  observer  who  adopts  this  plan  must,  howera^ 
be  extremely  careful  in  following  out  all  the  details.  Full  descnption  of 
the  method  of  proceeding,  together  with  the  prepared  plates  and  all  tlie 
chemicals  required,  may  be  obtained  of  Messrs.  Wratten  and  Wain. 
Wright,  Photographic  Chemists,  38,  Great  Queen  Street,  Long  Aoe^ 
London. 


PART  VI. 


tB«    DISCO^XRV    OF   NEW  FACTS   BY   MICROSCOPICAL    INVESTIGATION — 

or  rue   highest  MACNiniNc  powers  vrr  uaub,  and  of  thb 

BEST  METHODS  OF  USING  THEM — NUW  METHOU  OF  PREPARING 
SPECT1IKN&  FOR  EXAMINATION  WITH  THE  HIGHEST  POWERS — NEW 
TEEWS    CONCERNTNG    THE     STRUCTURE,    GROWTH,    AND    NUTRITIOK 

or  TISSUES— or  life — or  the  structure  and  action  of   a 

NERVOUS  apparatus — HIOPLASM  CONCERNED   IN  MENTAL  ACTION. 

Is  this  pirt  or  tny  book,  I  propose  to  consider  how  objects  ma.7  be 

fnosl  satisractorily  examined  with  the  nid  of  the  highest  powers  yet 

ciude,  and  how  the  most  minute  stnictural  peculiarities  may  be  detiKHi- 

stiai-id.    I  shall  venture  to  describe  in  detail  the  special  methods  which 

i   bave  employed  in  my  investigations  upon  the  minute   structure  ol 

Ivsnous  textures  and  upon  the  nature  of  the  changes  which  take  place 

in  the  course  of  development  and  growth  of  livinj;  beings.     By  the 

■vethod  of  investigation  referred  to,  not  only  may  sections  of  any  tissue 

[be  prepared  sufliciently  thin  to  be  subjected  to  escamination  by  powers 

;iiifyhig  upwards  of  5,000  diameters,  but  the  vessels  of  the  tissues 

ly  be  injected  and  afterwards  displayed  in  the  same-  prcp;iRitions. 

This  part  of  my  subject,  the  deuiU  of  which  tiave  been  introduced 

IT    the  consideration  of  the  more  advanced  student,  should  not  be 

ikcii   up  by  beginners,  at  any  rale,  before   they  have  honestly  gone 

I  through  the  tables  at  the  end  of  this  volume,  and  have  perfected  them- 

^fedves  in   the  various  operations   there  indicated.     When   elemcntuy 

^irinciples  and  practical  details  have  been  thoroughly  mastered,   the 

observer  may  begin  to  practise  the  process  of  staining  tissues,  p.  123, 

aad  may  endeavour  10  make    exceedingly  thin  sections  of  tissues  of 

I  Varying  degrees  of  softness,  toughness  and  resistance,  p.  92.  In  this 
wa.y  he  will  gradually  be  led  on  to  undertake  original  investigations, 
md,  in  the  course  of  the  experiments  he  may  make,  no  doubt, 
><npottant  improvements  in  tJic  methods  of  preparation  now  in  use  will 
be  devised  by  him.  'ITie  student  who  desires  to  ascertain  the  truth 
aar\ceniing  many  scientific  questions  must  not  be  deterred  by  any  dis- 
jiaraging  remarks  on  the  part  of  authorities,  however  popular,  concerning 
H»i«  or  any  other  special  method  of  investigation,  for  new  processes  are 
•*iRiost  invariably  condemned,  and  advance  in  this  brandi  of  microsco- 
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pical  investigation  labours  under  the  serious  disadvantage  of  h6i( 
appredatetl  only  by  a  very  limited  number  of  persons.  Nor  must  ik 
student  wlio  wishes  to  become  a  good  observer,  trouble  himself  al)Od 
the  imaginings  of  popular  celebrities  who  proclatra  all  living  things  n 
be  matter  only,  declare  that  vital  actions  are  raechanicai,  and  expa&ib 
upon  the  mischievous  tendencies  of  microscopical  inveslmation  lo 
audiences  as  ignorant  as  themselves,  and  who  do  iheir  utmost  to  ndce 
prejudice  against  the  use  of  an  instruiuent  by  which  anyone  may  coo- 
clusivcly  prove,  contrary  to  their  dictum,  thai  living  beings  are 
not  in  the  least  degree  tike  any  machine  that  is  known  and  that 
there  is  no  analogy  between  physical  and  vital  phenomena,  t'nfuitu- 
nately  a  considerable  section  uf  the  public  at  this  time  insisu  thaX 
mechanical  vien-s  concerning  all  life  shall  be  taught  far  and  inde-. 
and  therefore  sustains  and  encourages  and  rewards  with  appUiuc  u^'i 
notoriety  those  who  obey  its  mandates. 

SSS.   In    DvffBr*  of   the  t'ae  of  very  Mjch   ^nmtitfinK    lUmm.- — 
Before  describing  the  highest  magnifying  powers  and  the  mctfioil  c*f 
using  them,  it  is  unfortunately  necessary  for  me  to  allude  to  objectiotis 
which  have  been  mised  to  their  U9c  and  to  endeavour  to  answer  aw* 
of  the  mo^l  im[)(inanL     S(jmc  iwrsons  still  persist  in  asserting  thjt'**' 
advantage  is  to  be  gained  from  powers  magnifying  more  than  po 
diameters.     Now^  it  would  be  a  waste  of  Utnc  to  answer  the  nuojT 
frivolous  ubjccliunb  which  ha^t:  been  raised  to  tliis  and  other  meibot* 
of  observation,  in  Germany  and  elsewhere.     It   is  obvious  that  e^^f 
observer  has  a  perfect  right  to  work  as  he  likes,  while  to  praise  »y 
processes  of  investigation  supposed  to  be  advanLigeous  and  to  conde*** 
those  considered  objectionable  is  a  pri\*ilcgc  enjoyed  by  all.    Son* 
authorities  disparage  means  of  research  which  they  themselves  csjW* 
or  will  not  employ.    Although  for  example  it  is  perfectly  obvious  iJ*' 
the  simplest  and  only  efficient  manner  of  introducing  fluid  into  all  Ji**** 
of  a  tissue  is  to  inji:ct  it  l>y  the  vessels,  some  who  do  not  inject  nfo^ 
to  admit  that  this  is  so.    Moreover  there  are  individuals  who  will  nui**" 
tain  that  those  appearances  can  alone  be  trrjstcd,  and  accepted  as  nanrf^ 
appearances,  which  result  from  observations  upon  tussues  immersed  •_ 
water.    Now  although  it  is  tnic  that  nothing  is  gained  by  subjecting spe^** 
mens  immersed  in  water  to  the  highest  powers,  it  is  quite  certain  ih^^ 
those  authorities  who  maintain  that  ever^'thing  ought  to  be  examined  »*^ 
water,  and  assert  that  little  is  gained  by  the  use  of  high  powcn,  whic^ 
they  pronounce  to  be  useless,  are  in  enor  as  regaids  the  correclncas  C^ 
their  contention  as  well  as  the  grounds  upon  which  it  is  based.    T^ 
the  use  of  water  there  are  grave  objections.    Water  alters  many  tissue* 
extremely,  and  completely  destro}-s  some  of  the  most  delicate  textures* 
Its  limpid  character  renders  it  impossible  to  fray  out  many  dchcatr 
tissues  immersed  in  it,  while  an  amount  of  pressure  sufficient  to  nuke 
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^5S  thin  enough  for  obscrvntion  with  high  powers  C3ii.<ies  their  com- 
^  ilestniction.  Notwithstanding  all  this,  not  a  few  observers  still  use 
:'X-  and  sotuiions  of  which  water  is  the  principat  iagrcdieni,  iuid  refuse 
«3opt  or  admit  an;  principles  opposed  to  this  plan.  No  wonder 
-  condemn  the  use  of  high  powcns.  Not  content  with  working  on 
tJ^cir  own  way,  many  do  all  they  can  lo  underrate  thu  importanrc  of 
5«:rvations  made  upon  any  principles  with  which  they  are  not 
Q«jiJiintcd,  If  anyone  nukes  out  new  points  of  structure  by  any  new 
itfkod,  all  that  an  authority  who  differs  from  him  has  to  do,  if  he 
res  to  upset  his  views,  is  to  slate  that  the  structure  described  is  not 
l>e  seen  in  specimens  prepared  in  the  "natural  way,"  and  that  there- 
gte  the  ap[x:ar;uicc^  arc  altogether  fallacious  and  the  condu&ions  drawn 
torn  them  quite  erroneous.  If  an  authority  simply  denies  the  existence 
olwhat  he  has  himself  been  unable  to  see,  he  is  but  too  often  implicitly 
believed,  although  he  may  not  have  taken  the  pains  to  tiy  the  only 
tnclhod  of  investitjatioQ  by  which  the  appearances  in  question  could  be 
icen.  In  these  days  if  only  a  man  gains  reputation  in  one  branch  of 
tdence,  the  public  allows  him  to  usurp  authority  in  others.  He  may 
lave  studied  physics  and  chemistry  for  many  years,  and  so  become  an 
Uthority  on  the  question  of  spontaneous  generation,  and  his  dicta  con- 
Cdniog  contagious  diseases  of  man  and  animals  be  accepted  as  final. 
Apia,  some  authorities  who  have  not  seen  points  of  structure  described 
bjr  gibers  without  denying  the  truth  of  their  observations,  content 
thctu»elves  with  intimating  that  the  new  notions  ore  not  likely  to  be 
tnie,  because  the  arrangement  does  not  exist  in  a  paiticular  animal 
rticfa  the)-  happen  to  have  elaborately  studied.  But  as  regards  pro- 
{Kss,  authority  is  of  little  consequence,  especially  in  that  department 
rf  science  in  which  microj^copical  observation  is  included.  Real 
«wkers  observe  and  trj-  to  d«co\'cr  facts  and  leave  authority  lo  dictate 
■id  dogmatise  to  those  who  like  to  submit.  The  assertions  often  made 
ine  so  astounding  that  nobody  cares  to  contradict  them.  An  article, 
BDt  long  ago,  appeared  in  a  well-known  journal,  in  whirii  it  was  asserted 
S  a  valid  argument  against  the  employment  of  high  powers,  that 
all  the  important  discoveries  in  natural  history  and  anatomy  had  been 
•Bade  with  the  aid  of  powers  which  did  not  magnify  more  than  the 
<jaajtcr  of  .tn  inch  objecl-gbss  (loo  diameters),  tl  is  only  necessary  to 
ninaik  llui  the  writer  of  this  remarkable  paper  as  well  as  those  who 
*giw  with  him,  must  be  quite  ignorant  of  the  microscopic  work  of  the 
hst  iwentj-  years.  If  such  journals  as  "  Schultzc's  Archiv,"  or  "  Kollikcr's 
Zcitichrifl,*'  or  the  "  Philosophical  Traa'wciions  of  the  Royal  Smnety," 
*  the  "Microscopical  Journal,"  be  referred  to,  multitudes  of  observa- 
tiotuwill  be  found  which  prove  the  great  advantages  resulting  from 
B>e  me  of  high-power  objectives,  and  in  many  branches  of  research. 
It  is  not*  however,  to  be  wondered  at  that  the  introduction  oC  iv*r«( 
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and  more  refined  methods  of  investigation  should  meet  vilh  conac 
opposition,  for  ia  all  departments  of  progressive  knowledge  are  tobe 
found  persons  who  seem  to  consider  it  their  special  duty  to  discowM 
90on  as  possible  any  symptonas  of  too  rapid  advance,  and  oppose  inno- 
vations with  the  utmost  vigour.  It  is  to  be  regretted  loo  that  K»e- 
times  the  innovators  and  rebels  of  one  period  become  the  obstnctrn 
of  a  later  time.  Some  of  the  wannest  advocates  of  progress  kad  to 
mean  progress  in  one  particular  direction  and  progress  of  one  parocnkr 
kind  only.  Other  zealous  innovators  soon  reach  a  period  in  their  career 
when  they  tire  of  the  constant  change,  and  make  the  discovery  thit 
what  some  consider  to  be  advance  is  really  going  back.  Many  laai^ 
regardless  of  the  stniggHng  crowds  behind  them,  long  lo  rest  tor&dae 
in  a.  position  wliich  they  have  at  last  gained  after  years  of  bbour,  tboa^ 
by  resting  they  constitute  themselves  the  opponents  of  scientific  prtipoi 
and  the  enemies  of  true  science,  for  science  can  never  rest  without  gml 
danger  of  retrograding  and  losing  much  of  what  has  been  alieady  piotL 

Some  there  are,  who  considering  themselves  very  far  advanced,  lodi 
the  public  to  believe  that  they  arc  leading  them  on,  when  in  iaci  iheym 
trying  to  carry  them  back  to  a  phase  of  thought  vehicM  z.ooo  yearsip 
was  behind  the  time.  Some  of  these  self-confident  teachers  wiatonly 
condemn  the  use  of  the  microscope,  because  the  facts  discoveted  by  ttsf 
instrument  preclude  the  acceptance  of  a  most  extravagant  and  d^imSv 
fonn  of  materialism,  which  they  profess.  Notwithstanding  the  itpoul 
exposure  of  many  silly  dogmas,  the  fanciful  delusions  of  mechutcil 
minds  are  still  by  some  held  to  be  superior  to  the  facts  of  obsemiiaa 
and  experiment ;  and  promises  and  potencies  discovered  in  aioa* 
abiding  in  some  region  beyond  the  range  of  physical  investigation  V 
accepted  and  advertised  as  a  new  revelation  for  the  consolation  of  tho* 
who  have  fnith  in  the  material  atom  and  its  machinery. 

In  certain  branches  of  microscopical  enquiry  very*  high  magtu^rilC 
powers  are  absolutely  ncce&sary.  For  example,  in  &uch  investtgaiioW 
those  which  have  lately  been  carried  on  by  M.  Pouchet  and  M.  PastoBi 
many  of  the  more  minute  organisms  can  only  be  seen  by  a  power  iMp"'' 
fying  upwardsof  1,000  diameters.  Bacteria, magnified  t,8oo  and  ifitfi 
diameters  respectively,  arc  represented  in  pi,  LXXXII,  p.  390,  figi.  17  * 
at.  If  still  higher  powers  had  been  brought  to  bear  upon  the  qx"' 
tncn,  organisms  still  more  minute  than  any  represented  in  these  fiptfB 
would  probably  have  been  demonstnted.*  The  most  minute  of  »* 
living  otganisms  discoverable  by  a  power  of  10,000  linear,  has  bcfO 

*  51;  friend  Dr.  Child  who  hu  pdd  much  anentioR  to  ihc  nbjcct  refond  Ifc 
Buka  the  following  mnuks : — "The  absolute  iwccsnty  of  inngbigh  mtfoJ}^ 
pow«T  in  atl«»pting  Ihc  *oh)tk>n  of  socdc  of  ibe  prol>temk  which  a<rm  prtxnl  Ik* 
Ktve*  to  (he  phynolog^t  ii,  well  ihoirn  in  >uitie  of  ibc  rcccnl  invcttic^IiMu  bto  it 
ilvochipiiicni  of  nlnute  fungi.  H.  l^ulcur  has  boca  in  the  fulni  of  uit^  an  otjJMft 
|{)mb  fli  jfD  dMOMief^  Mt  his  paper  in  the  '  Anulca  <1«  Chimic,'  voL  LXXV."* 
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ring  and  growing  fcr  sometime  befure  it  attained  sufficient  dimensions 
cJ^nsity  to  be  visible  to  us.     I  bcticvc  if  ma^ifjing  power  could 
efficiently  increased  to  ten  limes  ten  thousand  diameters,  we  should 
ip'  tse  able  to  see  particles  of  living  matter  increasing  in  size,  and 
g  rise  to  new  particle:;,  which  in  their  turn  would  become  detached, 
£«3  on.    We  should  see  nothing  tike  the  aggregation  of  particles,  or 
rroalescence  of  already  existing  particles  of  inanimate  matter,  to 
a  mzss  of  living  matter.     We  should  sec,  I   believe,  nothing  but 
iKxcrease  in  size  and  di\'ision  of  livmg  particles  already  in  existence, 
logh  we  might  be  able  to  demonstrate  germs  of  a  degree  of  minute- 
riot  yet  ihought  oC     But  there  is  another  matter  of  iinport-mcc  in 
zoiisidcrati on   of  this  subject,  which  has  almost   cniircly  escaped 
Bcffldes  extreme  minuteness  in  size,  extreme  tcnaity  or  trans* 
cy  imerieres  with  the  detection  of  an  object.     Now,  the  greatest 
'ercnce  is  observed  in  object-glasses  with  regard  to  their  power  of 
ideiin^  evident  matter  of  extreme  tTans])aTeDcy  differing  but  very 
Aj^htly  from  the  medium  in  which  it  is  immerserd.    The  best  object- 
will  define  clearly  and  accurately,  bodies,  which,  from  their 
tnnsporency,  aje  quite  invisible  under  objectives  only  slightly  inferior 
b)  the  first     The  use  of  imperfect  glasses  often  leads  to  misconcep- 
boos.     For  instance  some  of  the  statements  recently  made  with  refer- 
ence to  the  mode  of  formation  of  Uie  lowest  forms  of  life,  by  the 
iggregation  of  particles,  has  no  doubt  resulted  from  careless  examina- 
tion and  imperfect  definition  ;  the  real  germs  having  existed  for  a  long 
ine  amongst  the  granular  material  out  of  which  it  is  supposed  they 
ere  formed,  but  of  such  tenuity  thai  they  could  not  be  recognised  by 
object-glasses  employed,  amongst  a  vast  number  of  very  distinct 
dcs  closely  aggregated. 

How  entirely  inadequate  is  an  ordinary  power  for  the  purpose  of 
the  ahsenct  of  minute  organisms  from  a  sample  of  Ruid,  is 
wti  by  the  fact  that  some  of  the  Bacteria  figured  in  my  p-ipcr  in 
e  •'  Proceedings  of  the  Royal  Society,"  vol.  XIV,  p.  17  (,  measure  only 
nut  the  ■•85,000th  of  an  inch.  An  object  of  this  size  when  examined 
!th  a  power  of  350  would  appear  to  the  eye  little  more  than  i- 350th  of 
inch  in  diameter,  and  it  is  e\'ident  that  any  number  of  such  objects 
ight  be  easily  overlooked.  In  confirmation  of  this  view  I  may  cite 
«ipcrience  of  Professor  Halliei,  of  Jena,  who,  though  be  confirms  in 
mam  the  results  arrived  at  by  M.  Pasteur,  yet  in  his  recent  work, 
'Gatnings-Erscheinungen"  (p.  50-51),  insists  strongly  u|X)n  the  neces- 
tty  ofosing  highpowcns  in  investigations  of  this  nature.  He  has  been  in 
lie  habit  of  using  powers  of  1,000  and  1,500  diameters,  and  speaks  of 
hsvini  met  with  organised  bodies  so  minute  as  to  appear  as  "mere 
Voinb  CTen  when  so  examined  (p.  ;o)."  This  it  will  be  observed  is 
quite  coDfimuLtory  of  my  own  observations  as  stated  in  the  text. 
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Objects  which  would  be  passed  over  by  Uie  observer  »nd  renaia 
quite  unngticcrd  when  cxaiuincd  by  the  most  excellent  ordinary  powns 
will  at  once  attract  atleniion  if  much  more  highly  magnified.  If,  ibae- 
forc,  high  powers  were  of  service  only  in  bringing  important  but  most 
delicate  peculiarities  of  objects  under  observation — if  by  their  use  the 
attention  were  merely  directed  to  minute  points  which  would  otherwise 
pass  unobserved,  it  would  be  full  and  sulhcient  reason  for  emplojiac 
them  to  cany  out  advanced  work.  In  studying  the  peculiar  slructBre 
of  the  lower  forms  uf  life,  and  especially  the  wonderful  minute  diaio- 
maceai,  the  use  of  very  high  powers  is  too  obvious  to  require  speciaJ 
notice  here.  Everyone  who  engages  in  original  investigalioni  con- 
cerning the  minute  structure  of  living  beings,  must  acquire  skill  rndie 
use  of  far  higher  magnifying  powers  than  those  which  used  to  be  an- 
sidered  ncccssar)-.  The  observer  must  aiwaj-s  /vgin  b)'  using  IffW 
powers,  and  as  he  improves  in  the  moiie  of  making  sptcimtns  and  sul>- 
mitting  them  to  examination,  he  may  advance  10  the  use  of  the  tiigbtf 
and  the  highest  powers. 

An  entirely  new  field  has  been  discovered  for  exploration,  and  a  *>*• 
number  of  new  anatomical  facts  will  be  elucidated  during  Ihe  vxA  (c* 
years,  by  the  aid  of  new  methods  of  invesiigalion,  and  the  use  o(  lii^> 
powers.  Original  research  in  this  department  of  natural  knowlttlff  ■* 
intensely  interesting.  Many  of  the  jvoints  most  open  for  enquiry  iBTohre 
questions  of  fundamental  importance,  which,  when  determined,  wOl  oee^^ 
sitate  great  changes  in  physiology.  Minute  anatomy  has  hitherto  IwrO 
far  too  little  studied,  and  on  the  p.^rt  of  many  influential  jicrsons  wbonk^i 
a  very  narrow  view  of  physiological  enquiry,  its  prosecution  is  discounpd- 
Is  it  not  obvious  that  we  ought  to  have  a  thorough  knowledge  of  a** 
structure  before  wc  begin  to  discuss  action  ?  Is  it  not  often  the 
both  in  physiology  and  in  medicine  that  theinercs]>eculations  ofpo{*l*'^ 
visionaries  are  received,  and  widely  taught,  which  are  in  fact  compteuty 
controverted  by  anatomical  facts  .lircidy  demonstrated  ? 

3&8.  or  the  Twcnij-sixtta  nnd  of  ihr  ■IffbcBl  Sa||nlf>lBlt  Pv"** 
yei  Buuir. — I  include  under  the  last  term  all  objectives  which  aiurli'?' 
more  than  400  diameters.  In  1S59,  I  was  engaged  in  studying  '^^ 
arrangement  of  the  nerves  in  voluntary  muscle,  and  succeeded  in  i*** 
paring,  by  the  process  given  In  p.  357,  someexceedingly  thin  secliunfc* 
which  most  delicate  nerve  fibres  could  be  distinguished,  as  \mts  pale'O'* 
transparent  threads.  I'he  appearance  was  sucti  as  to  lead  roc  (o  ^ 
inference  that  in  many  cases  apparently  single  fibres,  though  not  f*^ 
than  the  i-ioo,oooth  of  an  inch  in  diameter,  really  consisted  ot  k**' 
exceedingly  fine  fibres,  i  desired,  therefore,  to  examine  the  sjiecimcV 
with  a  more  powerful  objective,  and  1  begged  Messrs.  l*owcll  ^ 
Ixaland  to  endeavour  to  make  for  me  a  glass  with  a  magnilymg  po«er 
double  that  of  the  sixteenth,  which  they  succeeded  in  making  in  tkc 
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year  1840.   In  i860, 1  received  from  these  makers  the  first  twenty-sixth 

ever  made.    This  lens  magnified  1,800  diameters.    I  have  now  had 

great  experience  of  its  use,  and  can  speak  of  it  as  a  most  excellent 

working  glass.    That  it  defines  exceedingly  well,  and  admits  plenty  of 

light,  is  obvious  from  the  fact  that  it  will  allow  of  the  tube  of  the  micro- 

scop^   being  increased  considerably  in  length  when  the  amplification 

of  the  object  reaches  nearly  4,000  diameters.     By  a  working  glass,  I 

ineaji    one  which  can  be  employed  without  great  trouble  or  difficulty, 

and  ■which  does  not  require  any  elaborate  arrangements  with  regard  to 

illumination,  adjustment,  &c      In  fact,  my  twenty-sixth  works  fairly 

evea  'without  a  condenser  of  any  kind,  the  direct  light  from  the  sky,  or 

the  common  concave  mirror,  being  used.     There  is  plenty  of  room  for 

fociissing,  although,  of  course,  specially  thin  glass  or  mica  must  be 

employed,  and  the  lens  can  be  quickly  brought  down  upon  the  cover 

irithout  risk  of  breaking  it.     I  have  made  and  published  many  drawings 

of  tissues  of  the  higher  animals  magnified  with  this  glass,  and  it  need 

scarcely  be  said  that,  as  it  can  be  brought  to  bear  upon  textures  of  this 

tJass  (even  bone  and  teeth),  thin  sections  of  which  are  obtained  only 

wi*  great  difficulty,  it  must  be  readily  applicable  to  other  departments 

ti  microscopical  enquiry. 

Object-glasses  of  very  high  magnifying  power  have  been  more 
recently  made  by  other  makers. 

An  objective  of  high  magnifying  power  (a  twentieth)  with  a  single 
front  lens  was  made  some  years  ago  by  Messrs.  Smith  and  Beck,  The 
magnifying  power  was  about  one-third  less  than  that  of  the  twenty-fifth, 
and  it  appeared  to  me  that  the  definition  of  the  glass  I  examined  was  not 
so  good.  The  amount  of  light  admitted  was,  however,  ample.  Hart- 
nack's  high  power  immersion  objectives  are  among  the  best  on  the 
Continent. 

It  must  be  freely  admitted  that  it  is  exceedingly  difficult  to  accurately 
Csdmate  the  merits  of  one  glass  as  compared  with  another,  and  there 
can  be  no  doubt  that  an  observer  who  has  used  one  objective  very 
much,  especially  if  he  has  made  new  observations  by  its  aid,  is  likely  to 
be  prejudiced  in  its  favour.  Unless  I  worked  with  an  objective  for  a 
coDsideTahle  period  of  time,  I  should  not  like  to  give  an  opinion  as  to 
its  qualities.  The  difference  between  the  working  powers  of  the  glasses 
of  the  best  makers  is,  at  most,  very  slight,  and  not  to  be  demonstrated 
vitfiout  the  most  exact  and  careful  examination.  At  the  same  time,  it 
B  certain  that  the  slightest  advantage  in  defining  power  must  not  be 
onderrated,  for  if  the  observer  is  enabled  to  see  some  scarcely  percepti- 
We,  but  nevertheless  most  important,  points  not  observed  before,  he  is 
imply  repaid  for  the  money  he  has  laid  out  in  the  purchase  of  the 
object-glass.  In  not  a  few  instances  the  very  slightest  advantage  as 
n^tds  seeing  minute  points  in  structure  may  necessitate  a  complete 
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alteration  in  the  general  liews  reccivcti  as  true,  and  even  regarded 
fixed  and  unalterable.     Improvement  in  the  means  of  observalkw  u 
the  utmost  im[K>nancc,  and,  however  slight,  u  almost  invariabljr  looa 
fullQwcd  by  the  discovery  of  new  facts. 

ail.  "iMmmlan"  TwentT-nnii. — As  alrendjr  stated  in  p.  8, 
Hartnack,  of  Paris,  has  made  some  excellent  lenses  of  high  magnifyb)f 
power  upon  the  **  immersion  "  principle.  Messrs.  Powell  and  LexUad 
have  recently  made  a  twenty-Gfth  object-glass  upon  the  same  plan.  I 
possesses  the  following  advantages  : — 

1.  A  much  thidter  covering  glass  can  be  used  than  is  possible 
the  ordinary  i-ssth. 

2.  The  specimen  is  mucli  more  highly  illuminated,  the  same  bnp, 
condenser,  &c.,  being  employed.  The  definition  is,  I  think,  sl^itlf 
better,  but  the  difference  observed  when  examining  sections  of  mooic 
tissues  is  not  sufRciently  decided  to  enable  roe  to  speak  at  all  coo- 
fidently  ujiod  this  point,  though  in  the  examination  of  dialona; 
podura  scale,  and  such  delicate  objects,  there  can  be  no  questioa  aboal 
the  advantage  of  water  and  especially  of  oil  immersion  high  power 
jectivcs. 

sss.  91  tlie  •ac-nriietii  oiiiectlve. — In  the  last  edition  of  this  wodt 
I  announced  that  Mcs-srs.  Powell  and  I-ealand  had  succeeded  in  makiag 
for  mc  a  ont-fiflieth  of  an  imh  objective  which  magnified  very  much  mow 
highly  than  the  twent>-.fifth.  This  wonderful  glass  was  completed 
October  15th,  ifl64.  It  was  found  to  define  r]uiie  as  well  as  the  twenty^ 
fifth,  and  no  difficulty  was  experienced  in  obtaining  plenty  of  light  (bt 
the  illumination  of  the  objects  ("  Proceedings  of  the  Royal  Sooely" 
January  19th,  1865).  Some  drawings  by  this  objective  arc  given  in 
my  Report  on  the  Cattle  Plague,  as  well  as  in  pis.  XLVI,  LI,  and  is 
several  other  plates  in  this  work.  Tliere  is  less  difhculcy  Id  bria^qg 
this  glass  to  a  focus  than  would  be  supposed,  although  of  course  deticMe 
manipulation  and  some  degree  of  patience  and  care  are  required  ontfat 
part  of  anyone  who  determines  to  work  with  it. 

SK*.— or  the  an^Hichtitrtli  of  an  Inch  Oi^mtUv*. — On  June  34th. 
\%1%,  Mr.  Thos.  H.  Powtll  completed  the  only  eightieth  of  an  inch  objo& 
live  ever  made,  and  I  believe  this  still  remains  the  only  one  in  ensteikce; 
It  has  a  magnifying  power  about  one  tliird  more  than  the  fiftieth,  and 
dehnc's  at  least  as  well  as  thai  gLiss.  The  circulation  in  the  cells  of  the 
vallisneria  as  seen  by  this  objective,  without  any  covering  glass,  «m 
several  times  shown  by  Mr.  Powell. 

SAO.   The  Apparent  MIm  wf  aa  Objprt  andcr  dllhrrnt  Pmrark. — The 

following  circles  may  etiable  the  reader  to  fomi  an  idea  of  the  differesl 
sizes  which  the  same  object  would  a^iime  in  the  microscope  under  tlw 
respective  magnifying  powers.  The  re|>a'Scnlations  are  approxinuitivt 
only.     Below  the  circles  some  lines  arc  represented  to  indicate  the  OM- 
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thousandth  of  an  inch  as  seen  when  magnified  350,  700,  and  2,Soo 
linear. 

Molecule  -nhsv  °f  '^  >°^  ">  diameter  x     350  linear 

11  II  »  ■■         X     700 • 

»  »  >.  M         X  1800 O 


>•  >• 


'^  4000 o 


Globnle  z^g  of  an  inch  in  diameter      x     350  linear.  o 

»    tAb       m  .1  "  700 Q 


IJ  II 


X  1800. 


3000. 


Tjfej  of  an  Engliih  inch,  magnified  350  linear 
II  II  II  11  7^^    ti 

11  11  !■  H  2500         yf 


■•L  or  tlM  c«T«riav  siAM. — The  thin  cover  placed  over  the  object 
may  be  made  of  a  very  thin  plate  of  mica,  but  glass  possesses  several 
advantages.  Messrs.  Chance,  of  Birmingham,  Iiave  lately  succeeded  in 
manu&ctUTing  in  quantity  glass  sufficiently  thin  for  the  i-5oth.  This  is 
supplied  by  Messrs.  Powell  and  Lealand.  For  the  mere  examination  of 
specimens,  thin  plates  of  mica  answer  well,  and  they  may  even  be  used 
fin-  permanently  mounting  the  preparation ;  but  as  it  is  difficult  to  clean 
the  sui&ce  without  scratching  it,  it  will  be  found  better  to  employ  thin 
glass  circles  as  the  covers  of  specimens  which  are  to  be  kept  per- 
manently. 

TKidimss  of  the  Covering, Glass. — An  instrument  for  measuring  the 
thickness  of  the  thin  glass  kindly  given  to  me  by  Mr.  Brooke,  is  repre- 
sented in  fig.  2,  pi.  LXXIV.  The  method  of  using  it  is  too  obvious 
to  require  explanation.  The  marks  round  the  stem  indicate  tenths  of  a 
millimetre:  The  thickness  of  the  ordinary  thin  glass  is  about  3  or  4 
toidiscrf'  a  millimetre,  that  for  the  i-i2th  objective  under  two  tenths^ 
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and  the  glass  suitable  for  the  i-5oth  is  al>out  t-aoth  of  a.  millimetie,  6r 
less  than  i-sooth  of  an  English  inch  in  thickness. 

SC2.   Illumination   of  Object*  MMKntfled  hy  vcr?  niffli  rowcrv — la 
using  the  sixteenth,  twenty-fifth,  and  fiftieth,  It  is  of  the  utmost  import- 
ai»ce  to  attend  to  the  illumination.     As  already  stated,  the  ordiniiy 
concave  mirror  gives  light  enough  for  the  one  twenty-fifth  objecthre; 
but  a  light  of  greater  intrnsity  and  superior  in  quality  mny  be  obtAtDcd 
by  other  methods.     After  having  tried  a  great  nviny  different  pbus,  I 
have  decided  in  favour  of  the  illumination  obtained  from  a  round 
wicked  parafiinc  lamp,  pi.  XII,  fig,  3,  pi.  XIV,  p.  24.  figs.  2,  3.  brought 
to  a  focus  by  a  condenser.     The  ordinary  condenser  answers  wry  wet 
if  to  the  front  glass  is  fitted  a  cap  made  of  very  thin  brass  having  1 
perfectly  round  central  aperture  less  than  the  i-joth  of  an  inch  in 
diameter.      Kelner's  eye-piece,  as  before  obsen-ed,  p.   7,  gives  tie 
brightest  illumination,  and  if  covered  with  a  cap  ha\ing  an  apen&reoj 
about   T-ioth  of  an  inch,  the  chamcter  of  the  light  is  all  that  can  tt 
desired  for  examining  the  most  delicate  tissues  under  the  highest  nap 
nifying  powers.     Sufficient  light  is  afforded  for  correct  observatxxi  bjr 
this  arrangement  when  the  tube  of  the  microscope  is  so  lenj^eotd 
that  the  amplifying  power  e«iual8  10,000  linear.    Tlie  condenser  refenei 
to  in  p.  31,  with  a  stop  upon  the  surface  of  the  front  lens  as 
menlJoncd  gives  an  excellent  quality  of  light,  but  the  illumination  b 
intense  than  that  obtained  by  the  use  of  Kelner's  eye-piece. 

In  using  these  condenstTs,  it  is  most  important  to  employ  the 
/igAf  from  (he  lamp.     The  microsco])e  and  lamp  are  to  be  ai 
as  represented  in  pi.  LXXIV,  6g.  3.     I  cannot  explain  why  the  il 
minaiton  should  he  so  much  better  than  when  the  mirror  is  employed,' 
I  am  convinced  that  the  quality  of  light  ]>n)durefl  is  very  favourable 
the  discovery  of  characters  which  are  of  the  nio£t  delicate  kind.    I 
detected  exceedingly  fine  fibres  by  the  aid  of  direct  light  which  I 
not  see  when  the  same  specimen  was  examined  in  any  other  manna 

I  have  tried  both  the  lime  and  magnesium  lights,  but  they  are  Ml 
suitable  for  microscopical  observation,  the  glare  being  loo  great,  a»I 
arrangements  necessary-  inconvenient  and  troublesome,  while 
which  can  now  be  obtained  everywhere  without  any  diHiculry.  gives 
satisfactory  results  at  jwrhaps  i-joth  of  the  cost.     My  friend.  Mr. 
E.  Ktlburo,  has  increased  the  illuminating  power  of  tlic  loralfmc 

Jttreani  of  oxygen  gas  to  play  around  it     The  gas  it  «V 

tag  which  is  pbccd  under  a  weighted  board.    A  piwe 

tube  connects  the  gas  bag  with  a  small  metjil  p^ 

iclcd   just   outside  the  wick  of  the  lamp,    h  * 

;  we  shall  he  able  to  use  the  electric  li^i  f* 

n,  when  very  high  magnifying  powers  art  em- 
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IBS.  McfliMl  of  inrrrJuiltMC  Ibr  Slic  «tt  the  lioaBC  whbout  AltvrlMn 

rtWc«t-viii«B. — Supitysiiig  ihc  limits  of  nugnifying  power  of  the 
pglas<>  !o  have  been  icached,  there  arc  yet  methods  by  which  the 
etiuons  of  the  image  may  be  greatly  incrcxiied.  The  eye-piece  may 
thingcd  for  a  deeper  one,  or  tJw  distance  between  the  object-glass 

eye-p<ccc  may  be  increased.  In  practice,  as  stated  in  the  early 
;  of  ihe  work,  I  have  found  that  the  Utter  plan  is  M  much  more 
tntagcous  (hat  I  now  never  use  a  deep  eye-piece.  The  twenty-sixlh 
Mttre  being  applied,  I  have  found  that  when  the  tube  of  the  micro- 
[x  is  incrcasctl  in  length,  so  that  from  the  lowest  glass  of  the  objec- 
,  to  the  eye-glosfi  of  eye-piece,  the  ilisunce  measures  24  inches,  the 
plifyii^  power  corresponds  to  upwards  of  to,ooo  diameters:  when 

length  is  20  inches — to  about  6,000  :  15  inchcs--lo  about  2,600  : 
Indies — lo  about  1.800.  When  the  tube  is  .hu*  increased  in  length, 
t  is  often  some  reflection  from  its  interior  vhich  renders  the  image 
istinct,  an  inconvenience  which  may  be  remedied  either  by  increasing 
dameter  of  the  microscope  tube  to  about  z^.^  inches,  or  by  lining 
orditnty  tube  with  black  velvet.  Several  difTerent  lengths  of  tube 
it  into  the  ordinary  microscc^x,'  body  at  one  end,  and  to  receive  the 
piece  at   the  other,  will   be  furnished  by  any  of  the  micFOscoi>c 

LCIS, 

t RAWING  OBJECTS  MAGNIFIED   WITH   VERY   HIGH   POWERS, 
itteating  Ihe  appearances  observed,  I  never  represent  a  strac- 
highly  magnified  than  is  necessary  to  bring  out  the  points, 

I  found  that  as  I  succeeded  in  improving  my  method  of  f)Feparation, 
57,  it  became  iic<wssary  to  resort  to  the  use  of  higher  nugnifying 
«s  in  order  to  see  dUtincily  what  it  was  obvious  might  be  rendered 
Ini  if  only  it  could  he  more  highly  magnified.     I  am  quite  certain 

grcac  advantage  will  be  reajied  when  powers  far  higher  than  any  yet 
e,  vx  thought  of,  shall  be  brought  to  bear  upon  well  prepared  sjieci- 
s  even  of  the  ordinary  tissues.  The  <|uestion  of  preparation  is 
iely  more  than  a  mechanical  one,  and  new  and  more  exact  means 
repciring  specimens  are  certain  to  succeed  improvements  in  the 
al  part  of  the  microscope. 

:  is  extremely  difficult  to  u-ie  the  neiitral-lint  glass  rcfleclor  with  the 
:st  powers,  for  the  slightest  vibration  of  the  instrument  causes 
Ision  in  the  lens,  so  that,  in  practice,  I  have  found  it  most  con- 
!Ht  to  measure  the  distance  of  the  several  parts  of  the  object  with 
>asscs,  in  llic  manner  descril>ed  in  p.  3:.  These  general  ]mints 
s.  Sxed  upon  the  paper,  the  outline  of  tlie  object  is  easily  sketched 

Id  malting  delicate  drawings  some  ad\-antage  is  gained  by  limiting 
xtent  of  the  luminous  field  by  the  ingenious  arrungcnicnl  devised  by 
Slack.    The  a4justai>le  diapAragm  is  inserted  in  the  eye-\iie£e.    'tbdt 

a  K  » 
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insimment  can  be  obtaiacd  of  Mr.  Collins,  and  majr  be  adapted  to  uj 
eye-piece. 

In  making  drawings  of  microscopical  objects,  it  a  usual  to  repnam 
the  imi^e  the  tite  it  appears  when  thrown  upon  paper,  with  theiid 
of  the  camera,  or  ncutraUtint  glass  reflector,  at  the  distance  of  lo  tnthe 
from  the  eye,  the  arbitrary  point  at  which  the  tnagnifying   power  d 
objcct^1as«cs  h  determined.     If  the  image  be  taken  at  a  point  tteus' 
the  eye,  it  appears  smaller,  while,  if  at  a  greater  distance,  it  apfx&n 
much  larger  than  at  the  arbitrary  distance  above  stated.    As  abaif 
described,  large  diagrams  may,  indeed,  be  matlc,  direct  from  the  xakrh 
scope,  by  placing  tJie  diagram  paper  at  a  distance  of  j  feci  or  ouc 
^om  the  eye,  and  tracing  upon  it,  with  a  long  pencit,  the  object  l- 
reflected  from  the  neutral-tint  glass  reflector. 

In  pnctice,  I  have  of^en  found  it  impossible  to  represent,  in  dn* 
ing9,llincs  as  fine  as  those  seen  in  the  preparation.  A  cenain  coarHDes 
is  inevitable.     The  copied  lines  and  markings  appear  rougher  and 
thicker  than  the  real  ones.     But  this  defect  is  to  some  exieot  remcdirf 
by  drawing  the  object  somewhat  larger  than  it  ap{»ears  to  be  magnifr^ 
at  the  distance  of  lo  incites  from  the  eye  ;  and,  in  order  to  obttfA 
uoifonn  results,  I  always  draw  the  object  the  size  it  would  appe^* 
if  copied  on  the  same  level  as  the  stage  of  the  microscope.     The  sc*-l« 
for  measurement  is  copied  at  precisely  the  same  distance.    An  objcctiv* 
which,  at  10  inr-hcs,  is  said  to  magnih-  aoo  diameters,  will  increase  lis' 
image  at  this  point  to  215,  and  my  i-afiih,  instead  of  magnifying  about 
1,600  duimetcrs,  increases  the  image  of  the  object  to  1,800  dianxter*- 
By  increasing  the  length  of  the  tube  of  the  microscope  between  4  ais<^ 
5  inches,  I  obtained  an  amplification  amounting  to  3.000  diazneicr^ 
and  the  T-t,oooth  of  an  inch  becomes  upwardsof  3  inches  in  length 
Sue  p.  351.     The  tube  of  the  uiicrofcope  bears  incteasing  bororf''* 
inches  in  length,  even  with  the  fiftieth,  and  in  this  way  I  have  been  kNi' 
to  see  points  in  an  object  which  1  liave  failed  to  observe  when  osLGf  lt>^ 
twenty-fifth. 

With  the  view  of  illustrating  my  observations  with  drawings  iiatfi 
bling,  as  nearly  as  possible,  the  actual  specimens  from  which  they  wui* 
copied,  I  have  introduced  illustrations  orioured  exactly  as  the  sptc^ 
mens— the  bioplasm  being  tinted  mith  carmine  and  the  vessels  lit** 
Fmssian  blue.     The  coloured  plates  liave  been  produced  by  doable  o** 
treble  printing,  care  being  taken  that  the  different  sets  of  blocks  c^ 
adjusted  very  accurately.    This  plan  of  coloured-block  printing  is  na* 
cheaper  than  lithographic  printing,  and  lias  the  great  advantage  over  1^ 
latter  that  the  drawings  made  by  the  observer  on  the  wood  btockl  0^ 
engraved  withoat  any  transfer.     The  blocks  for  colour  printing  arc  I"^ 
(tared  as  follows : — The  drawing  on  the  wood  is  carefully  cngrarol  if* 
the  usual  manner.    Of  tliis  wood  engranng  tAne  clectrotjpe  ccpies^ 
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laadb  From  one  of  these  eTCf7bit  of  work  excvpt  thai  for  the  bioplasts 
is  removed ;  from  another,  everytliing  except  the  vessels  is  cut  away ; 
and  from  the  tbiid,  the  lines  and  work  which  repcesent  the  txiloured 
poftioas  of  the  vcsjichi  and  bioplasts  arc  taken  away,  all  the  outlines  and 
shading  being  left.  The  first  will  be  the  red  blocli,  the  second  that  for 
lh«  blue,  and  the  third  the  one  from  which  the  black  is  to  be  printed. 
For  nuking  these  tha-e  sets  of  blocks  the  electrotypes  inust  be  treated 
W  if  they  were  wood  engravings. 

The  ordinary  gravers  arc  used  for  cutting  away  the  work  not 
required  in  the  several  blocks.  Although  the  copper  is  niucli  harder 
than  wood,  with  the  aid  of  sharp  tooU  the  requisite  work  is  soon 
cumplctixl.  The  blocks  are  set  up  by  the  printer  just  as  ordinary 
wood  blocks,  the  explanation  of  each  cut  being  inserted  in  the  form 
with  the  black  blocks.  UTien  tlie  complete  pages— red  and  black, 
Or  red,  black,  and  blue — have  been  set  up  ready  for  printing,  an  elec- 
trotype of  each  fagt  complete  may  be  taken  at  small  cost,  atvd  from 
these*  which  can  be  adjusted  very  quickly,  a  Urge  number  of  copioi  may 
be  struck  off.  In  this  edition  I  have  included  several  of  such  coloured 
plues,  representing  very  different  textures,  so  that  the  reader  may  be  able 
to  fonn  an  estimate  of  the  advanuge  of  the  plan  of  illustration  adoptetL 

KEW   UKTHOD    OV    PRF.PARISG     SPLCIMENS    FOR    RF.SEARCHES    WITU   THE 
AID    or  THE   HIGHEST   MAGNIPVlNt;   POWEIUfi   \EX   MADE. 

It  has  long  been  my  conviction  that  ival  advance  in  our  knowledge 
C>r  minute  suucture  depends  mainly  upon  improvcmeab  that  have  been, 
d  that  yet  may  be  made  in  the  methods  of  demonstration.  I'he 
angemcnt  uf  ttie  elements  of  tlic  ti.ssues  uf  man  and  the  higher 
LTiinials  in  tlie  leceiil  sute  i:>  not  to  be  accurately  determined  by  exami- 
tioQ  in  water,  serum,  vitreous  humour,  and  other  aqueous  solutions 
suaJly  employed  for  this  purpose.  In  very  nuny  cases  the  refractive 
kowcrof  the  tissue  and  other  ph)-sical  characters  interfere  with  the  clear 
deaionsi ration  of  the  arrangement  of  its  coo-stitucnt  anatomical  elements 
4ui()  their  minute  structure.  In  investigations  concerning  the  anange- 
inent  of  nerves  in  voluntary  muscle,  an  independent  reader  will  not  fail 
lo  notice  that  different  plans  of  deraonsuation  have  been  employed  by 
diiTerent  atJthoritics.  Thifi,  in  some  measure,  explains  itie  great  dis- 
crepancy of  the  results  arrived  at  It  is  also  to  be  noticed  that  those 
tbo  deny  the  truth  of  facts  stated  by  previous  writers,  have  not  in  all 
been  careful  to  follow  the  exact  method  of  investigation  adopted 
cho&e  whose  opinions  are  supposed  to  l>e  controverted.* 
In  my  tnemotrs  upon  the  distribution  of  nerves  to  muscle,  I  stated 
tixc  arrangement  descrltied  by  me  could  not  be  seen  unless  a 
^i-xlor  process  of  preparation  was  followed,  yet  my  opponents  have 
**  A>  AauanicsJ  Coairormyr"  "  Archivct  of  Medicine,"  \o\.  W , '(.  \fA. 
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not  adopted  the  plan  pursued  by  me,  nor  hnve  they  eren  considered  tkf 
principles  upon  which  the  success  of  that  process  depends.  Naf, 
ahhough  I  strongly  insisted  upon  ihc  impoflance  of  injecting,  pirtljrfar 
the  purpose  of  ensuring  the  equable  distribution  of  the  presemUie 
fluid  to  all  ports  of  the  tissue,  and  pnnly  to  render  it  impossible  lU 
vessels  should  be  mistaken  for  the  fine  nerve  fibres,  the  capillir 
vessels  have  not  been  injected  in  specimens  which  it  b  supposed  CDS' 
trovert  my  inferences.  Many  would  supjmse  that  it  niis  the  spcdil 
duty  of  reviewers  and  commentators  upon  anatomical  and  phj-stokigical 
doctrines  to  direct  attention  to  these  facts,  but,  unhappily,  there  ts  so 
public  scientific  opinion,  and  the  opinion  of  the  man  who  has  naa 
friends,  and  who  makes  the  greatest  cfforu  to  gain  publicity,  is  the  nuBl 
likely  to  be  arxcptcd  and  taught  The  mode  of  preparation  I  hiK 
advocated  is  not  a  mere  hnp-hazard  plan,  but  is  grounded  upon  inforaa- 
tion  derived  front  numerous  experimental  obscr^'ations  nude  dang 
twenty-five  years.  Some  have  endeavoured  lo  overthrow  my  conckujon 
by  describing  how  little  tbey  have  themselves  been  able  to  discern,  after 
rough  processes  of  investigation  totally  distinct  from  any  advocated  I'J 
me.  The  positive  denial  often  given  lo  the  existence  of  a  paxticala 
arrangement  really  means,  in  many  instances,  merely  that  the  intend*) 
who  makes  it  has  never  seen  the  appearance  in  question.  The  woodu 
is,  that  anyone  who  has  really  earnestly  studied  any  branch  of  nno^ 
scopical  cnc|uiry  should  be  able  to  persuade  himself  that  he  has  seen  iD 
tlut  has  been  oi  all  that  can  be  seen,  and  by  down  the  law  and  tht 
facts  just  as  if  he  was  infallible. 

1  cannot  venture  to  hope  that  many  of  the  facts  I  have  obsencd  0 
connection   with    the   minute  stnicture  of  the  central  and  peiiphtfi) 
nenous  system,  will  be  confirmed  umil  the  processes  adopted  If"* 
have  been  followed  by  others,  and  1  fear  a  considerable  time  will  clap" 
before  this  is  the  case,  for  the  plan  cannot  be  successfnlly  followed  onl 
on  the  first  trial,  and  it  is  less  trouble  to  condemn  it  than  to  master  '*■ 
The  process  is  not  likely  to  be  adopted  by  those  who  make  spedntt* 
for  sale,  because  it  occupies  more  time  than  some  other  plans,  wfatle  ^ 
is  very  doubtful  whether  the  specimens,    if  prepared,  would  be  pC 
appreciated  by  purchasers  or  would  sell  at  a  higher  price.    MyspW" 
mens  may  be  seen  and  studied  by  anatomists  interested  in  the  miiWt 
but  it  is  not  possible  that  they  c:Ln  be  fully  examined  by  many  obacTfEH' 
Moreover,  it  so  ha{^ns  th.-it  working  men  have  but  few  opportmite 
of  examining  each  other's  specimens,  and  when  an  opportunity  doe* 
occur,  there  may  not  be  lime  to  investigate  the  specimeits  lairly.    TTie 
consequence  of  all  this  is,  that  working  in  circles  goes  on  to  a  temlAc 
extent     Much  labour  is  utterly  wasted,  and  there  is  but  very  do* 
|trogress  compared  with  that  which  would  attend  our  eiTon^  if  oliservcn 
generally  were  a^eed  upon  the  piiodples  upon  which  poinutc  anatt- 
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■J  observations  should  be  conducted.     Doubtless,  many  observers 

out  vitluabte  methods  of  detail  which  satisry  thcmsctvea.    Tn  many 

5  it  is  hardly  possible  to  communicate  to  others  the  praciical  details 

upc^*^  vrhich  success  depends,  and  it  is  often  exceedingly  difiicult  to 

Tijin  the  real  merits  of  any  given  process.    At  the  same  time  I 

[,fO«„mld  remark  that  it  is  a  question  capable  of  being  settled  most 

po&m.«-ivcly,  whether,  for  instance,  nerves  can  be  followed  in  tissues  which 

jjc        impregnated  with  s>Tup,  glj-cerine,  or  some  such  medium,  for  a 

pe^-ter  distance   than  when  similar  textures  are  immetsed  in  water, 

ler^itn,  *ntreous,  &c.,  and  whether  or  not  more  fibres  and  finer  fibres 

an,    be  seen  in  the  fomicr  than  in  the  latter  case.     A  simple  experiment 

wtVl    convince  anyone  as  regards  the  truth  in  this  matter,  and  if  observers 

noiiJd  prepare  small  portions  of  the  same  tissue  in  the  two  diScrent  classes 

xnediii,  and  compare  the  results,  they  would,  1  am  sure,  soon  agree 

»xi  one  principle  of  great  importance  in  investigation.     It  is  mainly 

ith  the  view  of  encouraging  firee  discussion  upon  this  most  important 

"question,  and  in  the  hope  that  ere  long  some  general  process  of  irw 

Tcatigation  may  be  adopted,  that  I  publish  my  own  conclusions  and 

descri)>e  somewhat  minutely  the  process  which  I  have  for  nuny  years 

foUovcd.    T  do  not  pretend  that  it  is  equally  applicable  to  nil  tissues,  or 

that  it  will  succeed  equally  well  in  all  hands;  but  I  am  confident  that  it 

is  based  upon  principles  of  the  utmost  importance.    From  time  to  time 

J    myself  discover  some  improvements  in  detail ;  but  the  basis  of  the 

process  remains  the  same  and,  as  I  have  now  been  actively  engaged 

in  minute  microscopical  investigation  for  more  than  thirt)-  years,  it  is 

scarcely  possible  that  principles  which  have  been  adhered  to  for  so  long  a 

time  can  be  desrimte  of  advantages.*     Moreover,  in  the  hands  of  some 

of  my  pupils  the  plan  has  answered  as  well  as  in  my  own,  and  it  has 

been  followed  out  by  some  observers  on  the  Continent,  and  also  by 

some  distinguished  American  obser\'ers.     I  have  specimens  of  cartilage 

prepared  acconling  to  this  method  which  show  the  bioplasm  masses  in 

process  of  divi.siun. 

■•4.  Condlllvn^  t«  be  fuUUIed  In  DrmvnuimilnK  Minute  Mifik* 
•arc  by  ibe  NlRlirvit  Powers  : 

I,  Of  many  tissues,  sections  sufficiently  thin  for  high  powers  cannot 
be  obtained  by  the  processes  usually  adopted.  In  order  to  make  the 
specimen  thin  enough,  firasure  must  be  employed,  and  in  many 
ir»stanc«s  very  strxing  pressure  is  rcquirud.  Fvcn  by  very  moderate 
prcJBure^  tissues  immersed  in  water,  serum,  or  in  vitreous  humour  are 
utterly  destroyed,  and  experience  has  proved  that  the  requisite  amount 

*  An  eiccll«ni  illinlniiAn  of  tlie  great  itnport-tncc  of  circbl  prcpRntion  is  afforded 

|py  fiw  nrply  of  Mr,  Godgc,  of  Cambridge,  to  the  obBcrvaiions  i>f  Dr.  Moxon,  coii- 

■  "  ';>  lh«  rJuifrliuiitm  ofnerrc  librcs  (olhe  niucla  of  a  colcx  larva.— "  MicroKo- 

--  JiMnaJ,"  July,  l8«7,  p.  193. 
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of  pressure  can  only  be  employed  if  the  tissue  be  imtnerse^l  10, 
Uioroughly  imprcj-naied  »iih,  a  vtidd  mtdtum^  wliicli  is  noi  only 
mucible  with  walvr  in  all  proportions,  but  with  such  chemical  n 
as  may  be  required  to  act  upon  one  or  more  conithuena  of  the 
for  tlie  purjiose?  of  demonstration. 

3.  As  innny  stniriurcs  arc  exceedingly  delicate,  and  undergD  daBfr 
TCfy  soon  after  death,  it  is  necessary  that  the  medium  in  which  they  m 
examined  should  have  the  property  of  ]H«ventii^{  wftening  aod  Hmt^ 
giation,  and  should  :ict  the  part  of  a  preservative  Quid. 

5.  In  order  that  tissues  should  be  uniTonnly  permeated  wilh  a  Add 
within  a  very  short  time  aAer  the  death  of  the  amioal,  it  is  necesso; 
that  the  solution  employed  should  quickly  come  into  contact  wilh 
part  of  the  texture.  This  may  be  effected  in  two  ways : — «.  % 
very  thin  pieces  in  the  fluid,  or,  h.  By  injecting  the  fluid  into  the 
of  ^e  animal 

4.  Aa  different  structures  require  fluids  of  different  refractive 
for  their  successful  demonstratiwi,  the  medium  employed  must  be 
that  its  refractive  power  can  be  increased  or  diminished,  imlen  farj 
medium  fulfilling'  the  first  condition,  another  can  be  teadilj  fubtdi 
which  provides  the  latter  requirements. 

5.  In  investigations  upon  the  changes  which  stnidurtt  ttoi 
in    the  organism,    during  normal  development  and  in   the  coune 
disease,  it  is  necessary  to  distinguish  between  that  part  of  the 
which  is  the  oldest,  and  that  which  has  just  been  produced— bcivca 
matter  in  which  active  changes  are  going  on,  and  matter  which  ti  is  1 
pasave  state.     It  is  only  by  such  s  demonstration  that  the  directioaa 
which  growth  ukes  place,  and  the  point  where  new  matter  is  addo^ 
can  be  positively  determined. 

6.  li  is  most  important  in  many  tnvestigationa,  that  we  shonltl 
able  to  clearly  distinguish  the  vessels  from  every  other  constitacafc 
the  tissue,  and  it  is  necessary  that  the  process  by  which  this  is 
should  not   interfere  with  the  demonstration  of  all   the  tissues 
imn)cdiate  vicinity  of  the  vessels, 

7.  It  is  or  the  utmost  importance,  that  the  medium  empk^  ft* 
demonstratjon  should  have  the  property  of  permanently  pnaerang  tV 
specimens,  so  that  observers  should  be  able  to  exhibit  their  pRp*!* 
tioos  to  others. 

Gtyttrine  and  syrup  fuifU  the  rtquiremenli  mtntvmtd  in  ihi  fnuti^ 
paragraphs.  ' 

SttS.  Action  of  tlreerlMr  and  BTroii  on  TImwm. — Stromj;  syntp  iXS^ 
be  made  by  di^olvin^;  with  the  aid  of  beat,  lump  sugar  in  di»tUled  waC^ 
in  the  proponion  of  about  three  pounds  to  a  pint 

CijKerinf  may  be  used  diluted  or  undiluted.  It  is  neoessaiy  I 
many  cases  to  employ  the  strongest  glycerine.     In  this  coimtjy  we  h^^ 
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the  advantage  of  the  beautiful  preparation  which  used  to  be  called 

c'b  glycerine,  which  may  now  be  obuiinecl  in  large  quantities  and  at 
p  rate.  It  ia  made  of  specific  gravity  1340,  and  some  specimens 
^  be  obuioed  of  stiU  greater  density.  Pure  glycerine  bis  been 
^e  Co  ciystaUise. 

It  has  been  said  th«t  glycerine  and  strong  syrup  are  not  adapted  for 
[Senruig  solt  tissues,  because  the  tissues  shrink,  and  soft  cells  collapse 
consequence  of  exosmosc  of  their  fluid  contents.  But  I  have  many 
rsdred  specimens  of  the  most  delicate  tissues,  preserred  in  the 
Dngcst  gl)-cerine  I  could  procure,  and  I  should  be  glad  if  glycerine 
iild  be  made  of  still  greater  density.  There  would  be  no  difficulty 
ixnpregn;Uing  eren  very  soft  tissues  with  it.  In  fact,  the  objcxtions 
1^  arc  for  the  most  part  theoretical,  and  result  from  ignorance  of 

e  important  pro)>crtic5  of  the  tissues  on  the  part  of  those  who  have 
vanccd  them.  If  objectors  had  simply  tried  the  experiment,  they 
uld  have  found  no  ditTiculty  whatever  in  canning  out  the  process, 
cs  possess  a  considerable  degree  of  elasticity,  and  although  they 

nk  when  immersed  in  a  medium  of  much  greater  density  than 
tat  with  whiirh  they  arc  impregnated,  they  gradually  regain  their  origiDal 
>liinie  \S  i^t  iit  it  for  sonu  time.  In  practice,  the  specimen  is  first  im- 
tcxsed  in  wmk  glycerine  or  syrup,  and  the  density  of  the  fluid  is 
adualiy  increased,  either  by  adding  from  lime  to  time  a  few  drops  of 
rong  glycerine,  until  it  bears  the  strongest,  or  by  allowing  the  original 
eak  solution  to  become  gradually  concentrated  by  slow  evaporation. 
a  this  way,  in  the  course  of  two  or  three  days,  the  softest  and  moat 
elicate  tissues  may  be  made  to  swell  out  almost  to  their  original 
alume  in  the  densest  glycerine  or  $>-n]p.  They  become  more  trana- 
ftrent,  but  no  chcmicil  alteration  is  produced,  and  the  addition  of  water 
ill  at  any  time  cause  the  specimen  to  assume  its  ordinary  characters. 

Jitt  hardest  textures,  like  bene  and  teeiJt,  may  be  thoroughly  im- 
n^iatcd  and  prescr^'ed  in  strong  glycerine,  p.  377.  On  the  other 
Uld  the  softest,  most  delicilc,  and  most  quickly  changing  animal  tis- 
les,  like  the  gray  matter  of  the  cerebral  convolutions,  ttie  delicate  nerve 
octiiKs  of  the  retina,  or  internal  ear,  may  be  permeated  by  the 
roogest  glycerine,  and  when  fully  saturated  with  it,  dissection  may  be 
UTcd  to  a  degree  of  minuteness  which  far  surpasses  that  practicable  if 
ic  attempt  be  made  to  carry  on  the  dissection  in  any  other  medium. 
'or  ii  the  use  of  glycerine  and  syrup  confined  to  the  tissues  of  man  and 
le  liighcr  animals.  I  have  made  pre[»aralions  from  creatures  of  every 
ass.  The  smallest  animalcules,  entozoa,  polyps,  star  fishes,  mollusks, 
a«cla,  Crustacea,  inftisoria,  various  vegetable  tissues,  microscopic  fu?*gi 
id  ilgae  of  the  most  minute  and  delicate  structure,  as  well  as  the  most 
!lic«te  [arts  of  the  higher  vegetable  tissues,  may  all  be  examined, 
■Kctcd,  and  pieserved  in  these  viscid  media. 
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The  slowest  and  most  rapidly  gron-ing,  the  hardest  and  soAol 
morbid  growths,  as  veil  as  embryonic  suuctures  at  every  period  of  do- 
vclopmcnt,  even  when  in  the  softer  state,  may  be  kept  and  mounted  to 
glycerioe.  'I'he  moit  delicate  nerve  5bre9  retain  Ibeir  character  for  at 
least  iwcnty-fivc  years  in  the  strongcsi  glycerine.  1  am,  indccil,  tiol 
acquainted  with  any  animal  or  vegetable  lisstie  which  canooi  with  the 
greatest  advantage  be  thus  mounted.  All  that  h  required  is»  thst  d« 
strmglk  of  the  fluid  should  he  increased  vtry  gradually  until  iJke  ntAift 
tissuf  is  tkerau^hly  ptnetraUd  by  tht  stronpsl  that  i-an  he  tthtaiited.  Is 
many  cases  the  tissues  may  be  more  effectually  ucurated  whh  tbe 
glycerine  by  injection  than  by  soaking.  Glycerine  has  long  been  io 
use  among  inicruscopiiits  for  some  lexlures,  but  1  jKUticularly  dcaic 
that  the  fact  that  it  is  universally  applicable  t>huu)d  be  generally  Tvcof- 
nised.  Either  glj'cerinc  or  syrup  may  be  nude  the  basis  of  all  soluttont 
employed  by  the  microscopical  observer  with  the  greatest  advant^it, 
and  many  points  are  to  be  demonstrated  by  the  aid  of  these  solutbr* 
which  ha%'C  hitherto  escaped  observation,  while  there  is  good  rcawfliB 
believe  that  very  much  may  yet  be  discovered  by  the  use  of  these  stili- 
stances. 

see.   Ur  the    AdranlHKCA    of    \Uf\*    »rdt*    ror    Ike    DUm-cUu  tf 
TUku»  tar  F.xamlnnilan  nitli  the   UlslHiit  Puwrri. —  Minute  disscoion 
can  be  carritHl  on  in  these    viscid   media   with   greater    facility  lad 
certainty  than  in  more  limpid  fluids.     I  can  readily  dcuch  the  moit 
minute  parts  of  tissues,  separate  the  diflereat  structures  in  one  teuufc, 
witliout    tearing   or  destroying    them,   unravel   convotiittxl   tubc^  and 
perform  with  case  a  great  variety  of  minute  operations,  which  it  vtiuU 
be  impossible  to  carry  out,  if  any  of  the  ordinary  methods  of  dUsoctkx 
were  adopted. 

With  care  in  regulating  the  temperature,  I  can  soften  lexmm 
ivcscrved  in  syrup  or  glycerine  to  the  precise  extent  required  Kn 
further  minute  dissection,  and  even  very  hard  textures  may  tiuis  tw 
soflcned.  After  a  time  tissues  so  acted  upon  may  by  gradual^ 
creased  [Hessure  and  careful  manipidation  be  obtained  in  exceedin^t 
thin  layers,  in  which  the  relation  of  the  anatomical  elements  to 
other  has  been  little  altered,  and  in  which  i(  will  be  found  that  none 
the  tissues  have  been  destroyed,  or  even  damaged. 

S«T.  Tb«  CarmlH*  FInId  for  fttalnlBK  »»»U«in.— The  componti 
of  this  fluid  has  been  already  given  in  p.  125,  where  also  will  be  fou 
the  directions  for  making  it.     The  carmine  fluid  will  be  required  to    fa 
made  stronger  or  weaker  in  panicular  cases,  and  great  advantage  sotn 
times  results  if  it  be  diluted  with  alcohol.     The  precise  quantity  to   l3 
added  lo  obtain  the  best  results  con  be  ascertained  by  trying  a  Vks 
experiments. 

The  leng,'lh  oC  tiuui  reqiiiied  for  successfully  staining  the  t 
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aries  much.  The  bioplasm  of  some  tissues  is  coloured  very  slowly. 
rhat  of  fibrous  tissue,  bone  and  cartilage,  even  if  very  thin  sections  of 
he  tissues  be  immersed,  will  require  twelve  hours  or  even  more,  but  the 
ioplasm  of  perfectly  fresh  soft  embryonic  tissues,  and  of  veiy  thin 
ections  of  the  liver  and  kidney,  of  thin  sections  of  morbid  growths  rich 
1  cells,  may  be  coloured  in  half  an  hour.  The  bioplasm  of  the  indi- 
idual  cells  of  the  above  structures,  placed  on  a  glass  slide,  may  be 
oloured  in  less  than  a  minute.  I  have  often  coloured  the  bioplasm 
f  the  fresh  liver  cell  w  a  few  seconds,  by  simply  allowing  the  carmine 
uid  to  flow  once  over  a  thin  specimen  placed  upon  a  glass  slide. 

S0S.   ClTceriDc  SolatlOBS  and  Bymp. 

I.    Weak  glycerine  of  about  the  specific  gravity  1050. 
a.   77u  strongest  glycerine  that  can  be  obtained. 
3.  Syrup  made  by  dissolving,  by  the  application  of  a  gentle  heat  in 
L  water  bath,  3  lbs.  of  sugar  in  a  pint  of  distilled  water.     A  weaker 
wlution  can  be  prepared,  as  required,  by  mixing  water  with  the  sjrrup. 

Although  I  have  found  syrup  of  great  value  in  many  special  investi- 
^tions,  I  cannot  recommend  it  for  general  use,  in  consequence  of  its 
iability  to  be  invaded  by  numerous  fungi,  which  often  seriously  damage 
If  completely  destroy  the  specimen, 

SS9.  Tbe  imectins  Fluid. — For  injecting  the  finest  capillaries  in 
►ecimens  which  are  to  be  mounted  for  examination  under  the  highest 
>^ers,  I  have  made  a  slight  modification  of  the  original  Prussian  blue 
lid,  the  composition  of  which  is  given  in  p.  1 09.  The  following  mixture 
IS  succeeded  admirably  in  my  hands,  and  I  therefore  strongly  recom- 
e«id  it.  It  penetrates  to  the  finest  vessels,  and  may  even  be  forced 
%o  developing  capillaries  which  are  only  pervious  in  a  part  of  their 
^urse.  The  fluid  never  forms  a  deposit.  The  specimens  injected 
ith  it  retain  their  colour  perfectly,  and  the  injected  tissues  can  also  be 
gained  with  carmine. 

Pure  glycerine,  2  oz.  by  measure. 

Tincture  or  solution  of  perchloride  of  iron,*  10  drops. 

Ferrocyanide  of  potassium,  3  grains. 

Strong  hydrochloric  acid,  3  drops. 

Water,  i  oz. 

Mix  the  tincture  of  iron  with  one  ounce  of  the  glycerine ;  and  the 

txryanide   of  potassium,  first  dissolved  in  a  little  water,  with  the 

er  ounce.     These  solutions  are  to  be  mixed  together  very  gradually 

bottle,  and  are  to  be  well   shaken  during  admixture.     The  iron 

tMtm  must  be  added  to  that  of  the  ferrocyanide  of  potassium.     Lastly, 

The  Ttnttura  Ferri  PercUoridi  and  the  Liqttor  Ferri  Perckloridi  of  the  British 
"lacopoeia  of  1867,  are  of  the  s&me  strength,  and  consist  of  one  part  of  strong 
'*'  -^Im'  Ftreklor.  to  three  parts  by  measure  of  spirit  or  w&Ur. 
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the  water  and  hydrochloric  acid  are  lo  be  added.    SonictimcB  1  idd  1 
little  alcohol  (2  drachms)  to  the  above  mixture. 

This  fluid  (it  is  not  a  lo/u/ion),  does  not  depoeit  the  sli$btesiiafi- 
ment,  even  if  kept  Tor  some  time,  and  it  appears  like  a  blue  tofaaiai 
when  examined  undei  high  magnifying  poweis,  in  consequence  of  iha 
insoluble  particles  of  Prussian  blue  being  so  very  minute.  If  prefote^ 
the  Tumbull's  blue  may  be  used  instead  of  Prossizn  blue,  half  llit 
quantities  of  the  ferridcyanide  of  potassium  and  sulphate  of  ina 
rccummended  in  p.  110,  being  used.  The  bydrochlotic  add  voMjit 
left  out    The  glycerine  and  water  in  the  proportions  above  giveo. 

S70.  Other  ColBnrlnr  SnlattMM  witti  Clrrrrlor. —  ^' 
staining  fluid-s  given  in  pp.  12;  to  131,  may  be  prepared  « 
Thus,  I  dissolve  Nitratt  of  sikrr,  the  Anilin  colours,  and  manjr  otlua^ 
in  glycerine  instead  of  in  water.  The  salt  should  be  di35otv«d  m  a 
%'ery  little  water  in  the  (ii^t  instance,  and  this  salutioa  added  to  dt 
glycerine.  Indeed,  all  tlie  fluids  I  now  use  for  preparing  spcdnoi 
contain  sjTup  or  glycerine  as  Uie  basis. 

S9L  GljTrrlnc  aii«  iTalrr  anN  vtyecrinc  and  Areilc  Aria  for  Wi*- 
Ihb  an«  Prckcmajt  tbla  Sectlans. — After  the  specimen  has  faces 
properly  stained,  small  pieces  are  to  be  washed  in  a  solution  consiaiig 
of  strong  glycerine,  2  parts  \  water,  1  part. 

After  being  soaked  in  this  for  an  hour  or  two,  they  may  be  ttxttt 
fciTcd  to  the  following  acid  fluid:— Strong  glycerine,  1  ounce;  iOM| 
acetic  acid,  5  dro}i6. 

After  the  pieces  of  tissue  hare  remained  in  this  arid  fluid  fnrt^sR 
or  four  days,  the)-  vnll  have  r^ained  the  volume  they  occu[>ied  iria 
fresh.  Even  ver>-  soft  and  ]nil|>y  tissues  will  gradually  Ewell  oat  nt 
regain  Ihdr  original  volume  in  the  strongest  glycerine; 

On  Cfumual  Reagents  Disufhed  in  Ctyctrint. 

It  being  cstablwhed  as  a  principle  thai,  for  minute  invtaiipmn 
with  the  aid  of  the  hightsi  powers,  cxorssively  thin  sections  of  tisna 
must  be  immersed  and  thoroughly  saturated  with  viscid  media  maoHe 
in  all  proportions  with  water,  it  almost  follows  that  reagents  appUto 
such  li&^ue^  should  be  disi^olved  in  media  of  similar  properties,  fort 
long  lime  past  I  have  been  in  the  habit  of  emploj-ing  solution  of  pctjdb 
acetic  acid,  and  other  reagents,  dissolved  in  glycerioe  instead  of  ia 
water.  Thus  a  complete  chemical  examination  may  be  condocted  npOB 
tissues,  solutions,  or  deposits  preserved  in  viscid  media.  The  rcadiofift 
are  most  conclusive,  but  of  course  a  much  longer  time  is  rei{uifOd  foc 
completion  than  when  carried  out  in  the  ordinary  manner.  Ten 
twelve  hours  must  be  allowed  to  elapse  before  the  change  is  coa|>icCic 
and  the  process  b  expedited  if  the  slide  be  placed  tn  a  warn  pUM 
(about  100°). 
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SIS.  Jieetic  Acid  amip. — Id  some  cases  I  have  found  die  addition 

rery  strong  solutJODS  of  certain  reagents  necessary.     For  eicample, 

greatest  advantage  sometimes  results  from  the  application  to  a  tissue 

rtry  Strang  acetic  acid.    If  the  acid  be  added  to  glycerine  in  quantity, 

solution  will  DO  tonf^er  be  \iscid,  so  that  another  plan  mu&t  be  re* 

ed  to.     i  thicken  the  strongest  acetic  acid  with  sugar,  a  gentle  heat 

^g  applied  to  dissolve  the  sugar.     Thus  a  very  strong  acetic  acid 

(hiiion  of  the  consistence  of  syrup  can  be  most  readily  prepared. 

S19,  MninDona  of  Poiiuk  ftsd  Mda. — Solutions  of  potash,  soda, 

monia,  and  other  reagent"!,  may  be  added  to  the  strongest  glycerine. 

ft7J.  ■oIuUmu  at    Chromic  AcM   and   BIcfemoMt*  •<    Potuk. — A 

valuable  mixture  of  this  kind  lu  the  microscopist,  h  a  solution  of 

ic  acid  in  glycerine,  and  another  is  a  solution  of  bichromate  of 

in  the  same  fluid.    A  few  drops  of  a  strong  solution  of  chromic 

may  be  added,  so  as  to  give  to  the  glycerine  a  pale  straw  colour. 

bichromate  of  potash  solution  ts  prciiared  by  adding  from  ten  to 

ty  drojw  of  a  strong  saturated  solution  of  bichromate  of  potash  in 

rtne  to  an  ounce  of  the  strong  glycerine.    By  thu  plan,  the  hardcn- 

of  these  reagents  upon  the  finest  nerve  tissues  are  improved, 

granuUr  appearance  which  is  caused  by  aqueous  solutions  of 

substances  is  less  marked.    Sometimes  advantage  seems  to  result 

mixing  a  little  of  the  chromic  acid  with  the  acetic  acid  solution  of 

Ijcenoe. 

IF  desired,  sugar  may  be  substituted  for  glycerine  in  all  the  fluids 

Bnployed,  including  the  carmine  and  injecting  fiuids;  but  glycerine, 

illwujjh  more  cx|x-nsive,  possesses  many  advantages,  and,  as  far  as  I 

pm  ible  to  judge,  is  the  best  viscid  medium  to  employ  for  general 

mrposes.    As  already  remarked,  as  regards  syrup,  great  inconvenience  is 

cawtd  by  the  growth  of  fungi,  especially  in  warm  weather-     Camphor, 

Otosotc,  carbolic  acid  (the  pure  carbolic  acid  is  now  called  absolute 

phool*),  naphtha,  prevent  this  to  some  extent ;  but  it  is  a  disadvantage 

6m«l)ich  strong  glycerine  is  perfectly  free.    Sometimes,  too,  crystalli- 

■boo  occurs,  and  destroys  the  specimen.     If  a  specimen  whii:h  has 

ktn  fiist  immersed  in  a  s)-rup  fluid  is  to  be  transferred  to  glycerine,  it 

MA  be  borne  in  mind  that  the  two  fluids  mix  but  slowly,  so  that  plenty 

o(  time  must  be  allowed  for  the  thorough  penetration  of  the  medium 

OKdUtt. 

1  kce^  various  tests,  such  as  alaM,  /ther,  the  various  a^ifs  and 

iBiaiia,  and  other  tests  in  the  state  of  viscid  soltittons  made  with  glyce- 

or  logai.     The  reaction  <>f  the  i<Klinc  lesLs  fur  amyloid  matter, 

a&d  cellulose,  ts  much  more  distinct  when  employed  in  this  way. 

'Atwlnie  pbcool,  pare  ftnd  cryitBlIiwd,  is  now  nude  ill  cnormoui  qu&nlitio  and 
rfwAfticd  of  Mr,  ftluduutl,  wu  chandter,  rOcc,  Ucmcn  Street,  0>l<>nl  Sueei, 
btKOtiu  thiUJ&Eta  powul. 
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The  texture  to  be  tested  is  to  be  thoroughly  saturated  with  the  strong 
glycerine  solutions,  and  then  water  is  to  be  added.  In  the  course  of  a 
few  hours  the  reaction  takes  place  very  distinctly. 

S7B.  or  Che  IiOecUOB  or  the  VuieU  or  mn  AnlnuU  with  SrtvtloM  tf 
Tsrlons    Chemical    Componnds    dlsaolTed    In    dlTCCrtne. — When    it  ii 
desired  to  subject  the  tissues  of  an  organ  or  of  the  body  generally  to  the 
in6uence  of  certain  chemical  solutions,  these  last  may  be  injected,  and 
oftentimes  the  most  perfect  results  are  obtained  in  this  manner.     Ho«^ 
ever  carefully  small  pieces  of  tissues  may  be  soaked  in  fluids  the  action 
is  irregular.     The  process  has  often  gone  too  far  near  the  surface^  while 
the  interior  often  entirely  escapes.     But  by  injection,  every  part  of  die 
tissue  is  exposed  to  the  action  of  the  reagent,  and  almost  precisely  ia 
the  same  degree.    Many  beautiful  results  are  to  be  obtained  by  carrying 
out  this  plan,  and  to  the  skilled  observer  many  experiments  will  occur 
which  will  be  likely  to  lead  to  most  important  discoveries,  particulat]^ 
in  connection  with  the  subject  of  development     The  calcareous  matter 
of  bone  and  other  tissues  may  be  dissolved  out  in  the  manner  indicaletj^ 
by  very  slow  degrees,  without  the  arrangement  of  the  most  delicate 
tissues  being,  in  the  least  degree,  disturbed,  or  the  demonstration  of 
their  ultimate  structure  in  any  way  interfered  with. 

T^  Pr^aration  of  Spedmens. 
SV6.  The  Prmetleai  •perstloB  or  PrepmrtnK  Tluaec  for  FxiiMlwrtiM 
with  the  Hivheit  Powers. — The  general  plan  which  I  have  for  manf 
years   followed   is   the   same   in   principle  for  investigations  into  Ae 
structure  and  growth  of  all  living  forms,  and  for  the  demonstration  of 
all  tissues  of  all  vertebrate  animals  and  morbid  growths  the  same  detaib 
are  requisite.     I  propose  to  describe  the  several  steps  of  the  process  a 
conducted  in  the  demonstration  of  the  minute  structure  of  the  gan^ion 
cells,  described  in  my  paper  in  the  "Philosophical  Transactions"  for 
1863,  and  of  the  papilla:  of  the  frog's  tongue,  described  in  the  cooh 
munication  presented  to  the  Royal  Society  in  June,  1864.     TTie  figunj 
in  many  of  the  plates  in  this  volume  accurately  represent  the  appeanutces 
observed  under  the  highest  magnifying  powers.    The  process  of  prepin- 
tion  described  below  also  applies  to  the  mode  of  preparing  specimois  of 
muscular  fibre  for  demonstrating  the  mode  of  distribution  of  the  finest, 
branches    of    nerve   fibre.*      See    plates   XXXIV,    XXXV,  XXXVl^ 

*  "On  the  distribution  of  nerves  to  tlic  elementary  fibres  of  striped  miucle.*^ 
—"Phil.  Trans.,"  i860. 

"  Further  observations  on  the  distribution  of  nerves  to  the  elementuy  fibres  oT 
voluntary  muscles." — "Phil.  Trans.,"  1862. 

"  Further  observations  in  favour  of  the  view  that  nerve  fibres  never  end  in  volnntaxj 
muscles." — "  Proceedings  of  the  Royal  Society,"  June  5lh,  1863. 

"  On  the  structure  of  the  sarcolemma  of  the  muscular  fibres  of  insects,  and  <^  tlx 
exact  relation  of  the  nerves  and  tracheK  to  the  contractile  tissue  of  muscle." — Roje] 
Microscopical  Society,  June,  1864. 
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3QCV1I,  p.  408,  et  stf.  Again,  in  the  investigation  of  the  minute 
ructure  of  the  bmin,  spinni  cord,  and  fjanj^lia  nf  man  ami  the  higher 
limals,*  the  same  proceedings  have  Wen  successfully  carried  out- 

My  icscarches  upon  the  tissues  of  the  frog  have  been  principally 
jndBrted  upon  the  little  green  tree  frog  (Hyla  arborea),  for  extensive 
xervalion  has  proved  to  me  that  the  tissues  of  thit>  little  animal  are  so 
lucji  more  favourable  for  investigation  than  those  of  Uie  common  frog, 
al  it  is  well  worth  while  for  the  observer  to  obtain  s]:)ccimen&,  even  at 
K  cost  of  at.  or  is.  6J.  each. 

The  animal  is  killed  by  being  dashed  suddenly  upon  the  floor,  but 
I  Bust  first  be  carefully  folded  up  in  the  centre  of  a  cloth,  so  that  the 
aoes  may  not  be  bruised  or  injured  in  the  least  degree.  Next,  an 
fpening  is  made  in  th'C  sternum,  and  the  heart  ex^Hised.  A  fine  inject- 
ag  piix;,  after  being  lilted  witli  a  little  injection,  is  tied  in  the  artery. 
loA  pan  of  the  operation  is  conducted  as  fully  described  in  p.  114, 
tttcpt  that  the  Prussian  blue  fluid,  given  in  p-  3S3,  is  used  instead  of 
he  ordinary  injecting  fluid  recommended  in  p.  109,  but  the  operation  ia 
■ore  difficult  in  the  case  of  small  frogs  and  Hylx  than  in  lai^  sped* 
Dens  of  the  common  frog.  With  a  little  practice,  however,  anyone  at 
iBsIdlftii  in  ordinary  dissection  can  successfully  perform  the  operation, 
rhe  injection  ought  to  be  complete  in  from  twenty  minutes  to  half  an 
bow,  and  sometimes  it  may  be  carried  out  in  less  time  than  this.  The 
isoecdgn  being  pale,  cannot  be  very  distinctly  seen  by  the  unaided  eye, 
fel  if  the  operation  has  been  conducted  successfully,  the  tissues  will  be 
found  SMfollen  and  the  areolar  tissue  about  the  neck  will  be  fully  dis- 
tended. The  observer  must  not,  however,  attempt  to  inject  a  Hyla 
«6tc  be  has  succeeded  in  injecting  the  common  frog  perfectly,  for  the 
ByU,  being  ver>-  small,  and  its  tissues  delicate  and  tender,  it  is  some- 
*t«t  more  difficult  lo  succcs-sfully  inject  than  the  common  fi^g  or  the 

The  injection  being  complete,  the  abdominal  cavity  is  opened,  and 
w  ttsctra  washed  with  strong  glycerine.  The  legs  maybe  removed, 
**tiiouih  slit  open  upon  one  side,  and  the  pharynx  well  washed  with 
Pytctine.  If  it  is  desired  to  prepare  one  organ  only,  this  may,  of 
^WiRe,  be  removed  and  operated  upon  sepaiaiely ;  but  I  generally 
*bjtft  the  entire  trunk,  with  all  the  viscera,  to  the  action  of  the  car- 
bine fluid.  If  the  brain  and  spina]  cord  are  special  objects  of  enquiry, 
*ftt  cranium  and  the  spinal  canal  must  be  ojwned  so  as  to  expose  the 
^iffia  completely,  before  the  staining  process  is  commenced.     It  is, 

•  "Oa  the  minute  Xniclurc  of  the  grey  mntler  of  Ihc  codvoIuIioiu  of  the  braiti." — 
"howrfinp  of  ihc  Royal  Society,"  vol.  XII,  671,  1863. 

"  Iniltcaiimu  of  ihe  paths  taken  try  ih«  nerve  cuircnis  as  they  iraTcne  the  caiulAte 
CTTC  cetls  oi  the  spinal  conlaiul  «accphaloQ." — "  Proceedings  of  the  Royal  Society," 
oly,  1B64. 
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however,  better  to  adopt  the  plan  described  in  p.  3701  in  ini 
upon  tlic  brain  and  cord. 

Just  enoux^^  o**  I'^e  carmine  soltitian  to  covet  the  entire  trunk  and 
viscera  H  to  be  placed  in  a  Httlc  porcelain  basin  or  gallipot     The 
specimen  is  then  moved  about  in  the  carmine  fluid,  10  that  every  pan 
that  is  exposed  may  be  thoroughly  wetted  bjr  it.    Sometimes  sUgbi 
pmsure  with  the  finger  farilitatcs  the  imbibing  process.    The  bosly  it 
left  in  the  carmine  fluid  Tor  a  period  varying  from  four  to  six  or  d^ 
hours,  being  occasionally  pressed  and  moved  about  daring  this  time,  so 
as  to  ensure  the  carmine  fluid  coming  well  into  contact  with  every  {nrt 
By  this  time  the  blue  colour  of  the  vessels  of  the  lungs,  visccm,  Jix^  wiU 
have  entirely  disappeared,  and  all  the  tissues  will  appear  unifomily  dsife 
red.     The  staining  is  now  jirobably  complete.     The  excess  of  carmioft 
fiuld  is  therefore  poured  off  and  thrown  away,  and  the  pttpaiatioo 
washed  quickly  with  the  glycerine  solution,  p.  364.    This  fluid  may  be 
preserved  in  a  wash  bottle,  made  according  to  the  plan  figured  id 
pi.  XXVI,  p.  100,  fig.  5,  but  smaller  than  this, — and  projected  npm 
every  part  so  as  to  wash  away  all  superfluous  carmine  fluid,  pL  LXXIV, 
P-  352)  fi?'  *•    T"fi<-'  specimen  is  now  pliced  in  another  little  hi-" 
some  glycerine  poured  over  it ;  it  is  then  left  for  iwo  or  three  i 
and  a  little  more  strong  glycerine  added.    Ulien.  firom  six  to  nrdn 
hours  since  the  specimen  was  removed  ^m  the  carmine  sotutrao 
elapsed,  the  preparation  is  ready  for  the  last  preliminary  oi 
The  glycerine  used  for  washing  it  is  poured  olT,  and  suffidcni  11 
glycerine,  aci<lulatcd  with  strong  acetic  acid  (to  drops  to  t  oc),  adi 
just  to  cover  it.     In  cold  weaiher,  the  se^-eral  steps  of  the  process 
referred  to  may  extend  over  twice  the  period  of  time,  but  in 
unless  they  are  rapidly  conducted,  the  tissues  are  loo  much  soi 
and  arc  otherwise  damaged.     In  the  acid  fluid  the  [mrparation  my 
left  for  several  days,  when  a  small  piece  of  some  vascular  ]>an  toay 
cut  off,  placed  in  a  drop  of  glycerine,  and  subjected  to 
examination.    If  the  injected  vessels  are  of  a  bright  blue  colow,  ifud 
the  bioplasts  of  the  tissues  of  a  bright  red,  the  spectmea  b  rcadfftaa 
minute  examination ;  but  if  the  blue  colour  is  not  distinct,  three  or  btJKZ 
more  droi)5  of  acetic  acid  must  be  added  to  the  glycerine,  and  t^.< 
preparation  soaked  for  a  few  days  longer. 

If  the  bioplasts  are  of  a  vet}-  dark  red  colour,  and  appear  bmo^3 
and  homogeneous,  more  espcfaally  if  the  tissue  intervening  between  ilii 
is  coloured  red,  the  specimen  has  been  soaked  too  long  in  the  anthem 
fluid ;  but  in  tills  cose,  altliough  parts  upon  the  surface  may  be 
for  further  investigation,  the  tissues  below  may  hai-c  received  the  jruE^c 
amount  of  colour. 

The  tissues  or  organs  to  be  subjected  to  special  tnvestigattoo 
now  be  removed,  and  tranjiferre<l  to  fresh  glycerine ;  tlwy  may  be  kcj*^  m 
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ale  corked  glass  tubes,  pi.  XXVI,  p.  100,  fig.  8,  and  projjcrly  labelled. 
Boeratly,  ihe  tissue  will  contain  suflkient  accttc  acid,  but  if  this  is  not 

case,  one  drop  more  may  be  added.  In  this  way  the  tissues  may  be 
tyi  without  detenufation  for  twenty  years  or  more. 

Supiwse,  now,  the  nerves  with  the  small  vessels  and  areolar  tissue  at 
|e  posterior  and  lower  part  of  the  abdominal  cavity  have  been  [lUiccd 
I  one  tube,  and  the  prepared  tongue  of  the  Hyla  in  another,  the  former 
lecimen  may  be  taken  from  the  glycerine  and  spread  out  upon  a  glass 
idc.  If  the  specimen  be  examined  with  an  inch  power,  numerous 
akroscopic  ganglia  may  be  seen,  pL  XCV,  p.  4:6,  fig.  4,  Several  of  these 
lerhaps  are  close  to  small  aneries.  Those  which  are  most  free  from 
pigneni  cells  are  selected,  and  rcmovetl  carefully  by  tlie  aid  of  a  sharp 
knife,  fine  scissor^  forceps,  and  a  needle  point  This  operation  may  be 
tBerted  while  the  slide  is  placed  upon  the  stage  of  the  microscope.  'I'he 
ImumiiUd  ligftt  enables  the  observer  to  see  the  minute  pieces  very  dis- 
linmly  with  the  unaided  eye,  but  if  necessary  a  watchmaker's  lens  or  a 
3-inth  power  may  be  used.  The  pieces  selected  are  transfciTcd  to  a 
few  drops  of  the  strongest  glycerine,  placed  in  a  watch-glass  or  in  one  of 
theSttlc  china  colour  moulds,  %  85,  p.  54,  and  left  to  soak  for  several 

TTie  specimen  is  now  ready  for  preliminary  microscopical  examina- 
lioa  One  of  the  small  pieces  is  placed  upon  a  glass  slide,  in  a  drop  of 
iKsh  gtj-cerine,  and  covered  with  thin  glass.  The  glass  slide  may  he 
pnily  wanned  o»-er  the  lamp,  atid  the  thin  glass  pressed  down  upon  the 
Preparation  by  slight  taps  with  a  needle  point.  The  specimen  may  now 
^Beiamined  with  a  quarter,  and  afterwards  wlih  the  twelfth  of  an  inch 
•^iect-glass.  A  good  deal  of  granular  matter  will  ]K)Ssihly  obscure  the 
Wicatc  poinLs  in  the  stnirturc.  The  slide  is  again  gently  warmed,  .ind, 
"ih  the  aid  of  a  needle,  the  thin  glass  is  made  to  slide  over  ihe  surface 
'  the  specimen,  without  the  position  of  the  latter  being  allcred.  The 
***  glass  is  then  removed  and  cleaned.  The  specimen  if>  nuxi  washed 
•Jje  addition  of  drop  after  drop  of  strong  glycerine,  containing  five 
'^*ps  of  acetic  add  to  the  ounce.  The  slide  can  be  slightly  inclined 
pjle  it  is  gently  warmed  over  the  lamp,  in  such  a  manner  that  the 
^ps  of  glycerine  are  made  to  slowly  pass  over  the  specimen  and  thus 
"Hli  away  the  iUffn's  from  its  surface. 

Dropping  BottUs. — The  most  convenient  instrument  for  dropping 
^  glycerine  on  the  specimen  is  a  little  boitlc,  of  two  ounces  capacity, 
*i^  a  .syphon  tube  drawn  to  a  point,  and  a  straight  tube,  with  an  eX' 
piMcd  upper  part,  over  which  is  tied  a  piece  of  stout  sheet  vulcanized 
IniJia-rubber.  PL  LX.XIV,  p.  353,  fig.  i.  Upon  compressing  the  air,  by 
Jtosing  down  the  India-rubber,  the  glycerine  is  forced  droj>  by  drop 
Ihrough  Ihe  syphon  tube  and  allowed  to  fall  upon  the  sj>ccin)en.  These 
tile  bottles  can  be  obtained  of  Mr.  Matthews,  Mr.  Collins,  and  Mr.  Swift. 
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U1icn  several  drops  of  pure  glycerine  have  been  Allowed  toflav 
over  ihc  specimen,  the  ihin  glass  co\'cr,  after  having  lt«en  cleaned,  a 
re-apptied  and  pressed  upon  the  specimen  very  gradually,  but  more 
firmly  than  before.   Any  excess  of  gl>cerinc  is  easily  removed  by  pUdof 
small  pieces  of  clean  blotting  paper  at  the  side  of  the  Ihin  gljaa.     If 
the  preparation  looks  pretty  clear  when  examined  with  the  twelfth,  ihe 
glass  co^cr  may  be  cerncnted  down  with  Dell's  cement,  p.  sSi  or  *ttt 
Dainar  cement,  and  the  prcfiaration  left  for  se^-eral  days  in  a  quifl 
place.     It   may   then   l«  re-examined,   the   process  of   washing  v'oh 
glycerine  repealed,  and  further  pressure  applied  until  it  u  rendered  il 
thin  as  is  desired.     When  this  point  has  been  reached,  more  gl^eriu 
with  acetic  acid  is  to  be  added,  and  a  plate  of  mii:a  or  die  iMinvrt ^Uu 
(Viwr,  p.  351.  applied,  when  it  may  be  examined  with  the  iwenly-liftlL 
llic  process  of  thinning  may  be  pushed  still  furtlicr  if  desinble,^3Dil 
if  only  carried  out  vci>*  slowly  by  gentle  ta|»  or  careful  pressure  willi 
the  finger  and  thumb,  y^*«  day  i0  day,  the  elements  of  the  tiswcswill 
be  gradually  separated  from  one  another  without  being  smashed  tad 
destroyed.    If  there  be  much  connective  tissue,  which  interferes  witlii 
clear  view  of  the  finest  nerve  or  muscular  fibres  it  may  be  necesaiy  u 
immerse  ihe  specimen  for  some  da)-s  in  the  acetic  acid  syrup,  and  tha 
transfer  it  to  fresh  glycerine. 

If  the  tissue  does  not  sufficiently  yield  to  the  pressure  h  mutt  be 
soaked  fur  a  longer  lime  in  the  acetic  acid  glycerine,  or  it  may  be  vA- 
cned  by  being  soaked  for  a  short  time  in  a  weak  solution  of  pepsint  a 
glycerine,  p.  379,  using  lartic  acid  instead  of  hydrochloric  acid. 

The  success  of  this  process  above  described  depends  upon  the  eat 
and  patience  with  which  it  is  carried  out  The  most  pcrfea  result*  ue 
obtained  in  cases  where  the  washing,  pressure,  and  w . 
very  slowly  conducted,  and  it  is  most  interesting  to  . 
points  of  stnicttire  which  are  gradually  developed  and  rendered  dciiw 
by  the  repeated  apjiltcation  of  a  gentle  heat,  the  specimen  being  n^ 
jectcd  to  a  liule  firmer  pressure  and  further  soekii^  in  a  little  lraJ> 
glycerine  placed  in  a  «'atch-glas5. 

Specimens  of  tissue  i>rci)ared  in  this  way  cut  be  transferred  Innn 
slide  to  slide,  and  no  matter  how  thin  they  may  be,  after  having  bwr%. 
allowed  to  soak  in  fresh  glycerine  they  may  always  be  bud  out  agir*^ 
perfectly  llat  upon  another  slide  by  the  aid  of  needles.  The  actiun 
these  viscid  fluids  is  most  valuable,  and  I  feel  sure  thai  by  the  proccn^ 
above  described,— the  general  principle  of  procedure  being  letaincd 
the  details  modified  in  special  cases, — many  new  and  tmportani  aiMH^ 
mkal  facts  will  be  discovered. 

The  papillte  of  (he  frog's  tongue  are  prepared  for  examinatioa  imd^ 
the  highest  powers,  the  twenty-fifth  and  fiftieth,  in  Ihe  same  manoer.  Siaa- 
picces  of  the  mucous  membnme  being  removed  by  sharp  Ktsson,  Ihcy 
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gradually  increased 


red  to  gl>'certnc,  subjected  to  the  same  ve 
until  the  individual  pafullx:  themstrli'es  are  seen  to  be  slightly 
attcncd.  It  is  possible  from  a  specimen  to  remove  a  number  of  the 
tparate  papillz  on  a  needle  point,  transfer  them  to  glycerine  or  to  the 
rctir  Arid  syrup,  and  then  mount  them  for  examination  with  the  i-5o(h 
bjcct-gloss.  All  the  points  I  have  dcscrilwd  and  figured  in  my  memoir 
abUshed  in  the  "  Philosophical  Transactions  of  the  Royal  Society,"  t86.t, 
say  be  demonstmted  in  several  papillae,  sx  pis.  LXXXVIII,  LXXXIX, 

L4I3, 

Thin  sections  of  brain,  spinal  cord,  &c,  may  be  subjected  to  the 
wne  process  for  examination  with  the  highest  powers.  The  specimens 
lustratinjj  my  paper  on  "  The  indications  of  the  paths  taken  by  the 
mvc  currents  as  they  traverse  the  caudate  nerve  cells  of  the  s[>inal  cord 
nd  cncephalon,"  published  in  the  "Proceedings  of  the  Royal  Society," 
uly,  1864,  were  prepared  in  the  manner  already  described,  but  they 
rere  soaked  for  some  months  in  a  vcak  solution  of  glycerine  and  acetic 
cid.  The  most  delicate  preparations  retain  their  characters  for  many 
aonths,  and  some  for  several  years,  so  that  in  many  cases  the  very 
irefiarations  from  which  some  of  my  drawings  have  been  made,  have 
eea  preserved  for  nearly  twenty-five  years,  and  may  even  now  be 
omparvd  with  them. 

Delicate  specimens  should  be  placed  upon  a  circle  of  thin  glass 
bout  ^  of  an  inch  in  diameter,  instead  of  upon  a  glass  slide.  The 
ircle  is  then  mounted  on  a  wooden  slide  in  the  centre  of  which  a  hole 
ns  been  drilled  of  the  proper  dimensions  to  receive  it  A  ring  of 
ummed  paper  is  placed  at  the  Iiack  of  the  slide  and  to  this  the  round 
Jass  is  fixed  when  the  specimen  has  been  covered  with  the  stnallcr 
ircle  of  thin  glass,  and  tlie  latter  has  been  properly  fixed  in  its  place  by 
DcmenL    &v  also  p.  87. 

Mffdi/iotfifin  of  tht  att>ve  Ptan, — I  have  more  recently  modified  the 
foregoing  process  by  injecting  the  allcaline  carmine  fluid  into  the  vessels 
B  the  first  instance  for  the  purpose  of  staining  the  bioplasm  of  the 
listiei,  and  afterwards,  when  the  colouring  was  complete,  the  add 
Irusfiian  blue  fluid,  so  that  all  the  bioplasts  were  seen  of  a  bright  red 
jlour  in  the  specimens,  while  all  the  capillaries  were  fully  injected 
th  ihe  Prussian  blue. 

The  carmine  Buid  employeil  should  t>c  stronger  than  lliat  already 
roRimended,  p.  135,  and  it  is  Xxlia  to  add  a  little  more  alcohol. 
le  foUoiwtng  succeeds  well  for  lite  frogand  newt :— Carmine,  15  grains ; 
ong  liquor  ammofua:,  ^  drachm ;  stroi^  glycerine,  z  ounces ; 
ohol.  6  drachms. 

This  fluid  is  to  be  injected  carefully  with  very  slight  pressure.     It 

si  be  borne  in  mind  that  the  alkaline  ammonia  is  vary  apt  to  soften 

Uelicalc  vascular  walls.    \Vhcn  the  vessels  are  (uU^  d\ttcnAe&,\"wt 

IBS 


J7» 


HOW  TO  WORK  WITH  THE  M1( 


pcrporaooa  is  to  be  left  for  from  twelve  to  ViKnty4ma  hams,  in  uh 
Omi  nme  may  be  allowed  for  the  carmine  fluid  wfaidi  ha%  pauaMet 
the  cftpfllaries  in  «11  puts  of  the  body  to  soak  tfarou^ib  the  <!^Knri 
tissiies  and  stain  tbe  bioplism  ftiUy.    Next  a  little  pure  fJycer 
be  infected,  in  order  that  any  cannine  fluid  slill  remaining  in  rite  « 
majr  pas«  throuith,  or  at  least  be  so  much  dilated  that  oumtne 
be  precipiCUed  in  quantity  by  the  acid  fluid  next  to  be  introdttceA,. 

Tbe  fine  Prussian  blue  injecKng  fluid,  the  composilioa  of 
gi«n  on  p.  363,  is  to  be  injected  with  the  utmost  cans,  for  the 
ponictibrlr  of  yoang  animab,  having  been  somcirhai  softened  I9 
ammoniacal  solutioD  of  carmine,  are  very  liable  to  give  way  if 
pivMure  be  applied     When  the  vessels  arc  fully  distended 
Pntssian  blue  fluid,  the  injected  preparation  is  to  be  dtridcd  into 
pieces,  and  these  are  to  be  soaked  in  glycerine  and  acetic  acid,  1 
been  already  recommended  in  p^  36S. 

Very  beautiful  speciiDens  from  eveiy  tissue  in  the  body  of  1 

animal  (frog,  newt  moose;  bat,  small  bird,  &c),  maybe  pre: ' 

this  way ;  but  as  the  operation  of  injecting  has  to  be  perfonr. 
there  is  greater  risk  of  mpluring  the  vessels.     The  student  should  iwe- 
fore  practise  ordinary  injection  with  transparent  8uids  before  he  axusofti 
to  cany  out  this  process,  or  he  will  suffer  disappointment 

ST7'  ■caMwimiUiiii  af  ifte  aaft  llBaue*. — ^To  assist  the  Btndeoi  ia 
his  investigations  upon  the  structure  and  arrangement  of  the  lissocs;! 
have  introduced  some  illustrations  of  specimens  of  which  the  CDUU^ 
]«rts  nii^hl  be  prepared  by  any  obserrer  who  carefully  follo«rc;  'fw 
directions  I  have  given.  The  series  of  drawings  in  pis.  LXX  V,  I,.\X\1. 
LXXVII,  LXXVIII.  LXXIX.  are  representations  of  the  tissues  of  4e 
web  of  the  frog's  foot  under  verj-  low  magnifying  powers.  As  tbe  tcrfw 
win  notice,  these  arc  copied  from  specimens  slightly  minified,  vWt 
in  pis.  LXXX,  LXXXI,  LXXX\Tn,  LXXXIX,  appearances  obsend 
under  the  highest  pnn-ers  which  can  be  brought  to  bear  upoo  fc 
tissues  have  been  delineated.  .\n  enquiry  into  the  anatomical  sll^ 
ture  of  such  a  texture  as  tlie  web  of  tbe  frog's  foot  is  of  great  IB- 
portance  in  its  bearing  upon  broad  questions  of  general  inlcreft,W 
should  be  ufKlcKaken  by  every  one  who  desires  to  form  from  actual  A 
servation  an  accurate  conception  of  the  wonderful  phenomena  asiociiKd 
with  the  development,  growth,  and  nutrition  of  ris.suei.  It  is  prohibk 
that  any  one  who  prosecutes  the  in^-esiigaiion  with  care  and  intcBigOKt 
win  l>e  gradually  led  on  to  make  original  enrjulrics  in  the  course  *f 
which  he  may  discover  new  &cis  of  the  highest  importance.  But  befaf 
the  student  attempts  to  discover  new  things  he  should  try  to  iciiflW 
the  destcrin  necessary-  to  make  specimens  which  clearly  show  the  poiftB 
mdicaied  in  the  figures,  all  of  which  represent  less  than  coo  beKwi" 
the  specimens,  and  arc  in  every  respect  far  less  perfect  anil  daboBB' 


the  specimens  Uiemselves.  The  most  perfect  drawing,  aUcr  all, 
ily  roughly  indicales  whal  can  be  more  clearly  seen  in  tht;  spe^jitncn, 
the  latter  is  as  good  as  it  should  t>e,  and  aa  good  as  it  can  be  made 
\Xhtst  days. 

Frogs  are  evcryvhere  obtainable,  and  few  creatures  are  hei\CT  suited 
r  tniniitc  anatomical  investigation.  Their  ti&sticR  present  uumy  od- 
for  researches  on  the  ultimate  distrihutioQ  of  nerve  fibres  and 
determination  of  many  annlomical  questions.  Few  parts  uf  the 
,vc  been  more  caidfully  investigated  lluui  the  web,  but  nevertlKfle&s 
Ifeel  sure  thai  in  this  tliin  membrane,  particularly  in  the  transparent  web 
fthe  foot  of  young  frogs,  most  imixNtant  facts  still  lie  hidden,  as  it  were, 
fiimg  for  elucidation  until  cireful  and  industrious  enquirers  concentrate 
f  ft  time  their  energies  upon  thb  comparatively  limileO  area.  Although 
e  general  distribution  of  ihc  vessels  is  well  known,  there  remains 
;ic:h  to  be  discovered  as  regards  their  development  and  the  precise 
jatioQ  of  the  little  bioplasts  or  oiassea  of  living  matter  to  their  m'alls  as 
U  as  to  the  various  anatomical  constituents  of  which  the  web  is  com- 
sed.  As  regards  the  finest  raniificationii  uf  the  nerves  there  Is  also 
icb  to  be  learnt  by  the  careful  investigation  ofwcll  prepared  specimens 
tlic  free  edge  of  the  web.  By  conjoint  methods  of  enquiry — minute 
^tumical  in«'estigation  upon  some  webs — and  physiological  experiment 
on  umilar  webs  of  living  animals,  I  have  gained  imjtortnnt  information 
jc<:nung  the  acrion  of  nerves  upon  capillary  vessels,  and  the  changes 
pigment  cells,  epithelium,  as  well  as  other  structures  during  life  may 
thus  studied.  Such  tissues  as  those  of  the  frog  should  W  studied 
tin  and  again^  and  he  who  wishes  to  make  himself  an  ob&erver  will 
e  the  very  same  textures  prepared  in  many  different  ways,  as  well 
ourrcsponding  (tissues  in  animals  at  different  periods  of  life.  This 
van  be  carried  out  most  succes&ruUy  in  the  case  uf  the  frog,  as  it  is 
to  procure  animak  ac  all  ages,  and  the  tissues  of  this  animal  can 
examined  in  the  living  state  {see  p.  i9t)with  the  greatest  facility. 
rver  must,  however,  study  in  France  or  Germany,  as  in  England 
itvestigations  upon  living  frogs  are  prevented  bylaw,  and  the  police 
'«  authority  to  sci/e  any  one  detected  in  causing  pain  to  a  frog 
Uiged  for  the  purposes  of  scientific  investigation. 
Fig.  I,  pi  L.VXV,  represents  the  vessels  of  the  web  of  a  young  frog 
.«r  a  magnifying  power  of  about  ten  diameters.  Pigment  cxlls  are 
erved  here  and  there  in  which  the  pigment  granules  are  concentrated 
:ollected  together,  instead  uf  being  diffused  and  spread  through  the 
d  contained  in  the  irregular  ramifying  passages  which  pass  Ironi  cell 
icU,  and  which  thus  form  an  extensive  netwuik.  Some  large  pigment 
I  and  their  ramifications  are  well  sevn  in  pi.  LXXVTI,  fig.  3,  p.  J76. 
Fig.  2,  pL  LXX\',  represents  the  ramifications  of  the  vessels  of  ihc 
3  of  the  frog's  foot  as  seen  in  on  injected  specimen.    The  tubes  are 
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distended,  and  their  diameter  is  much  greater  than  in  the  lirtng  rtaie 
when  thty  are  ocaipicd  with  blood.  In  the  living  specimen  it  is  cisr 
to  distingui^  the  arteries  from  the  veins  by  the  greater  dlitneler  df  the 
latter  vessels  and  the  slowest  rate  oi  flow  of  the  blood  ;  but  in  the  in- 
jected specimen  the  aneries  are  distended  and  appear  ahnost  as  wick  u 
the  veins.  In  the  drawing,  however,  lx>th  sets  of  vessels  are  distinct, 
the  veins  being  almost  black,  while  the  arteries  have  t>een  shaded  ttghtlT. 
The  observer  will  be  able  to  follow  the  branches  of  the  anety  in  minjr 
situations,  and  trace  these  to  their  ultimate  divisions,  which  arc  con- 
tinuous witli  the  capillaries.  The  last  may  also  be  seen  to  converse 
here  and  there  to  fonu  the  venous  radicles. 

In  pL  LXXVI,  Ag.  I,  a  portion  of  the  vascular  network  of  the  fmt 
of  a  young  frog  is  represented.  The  vessel  (A)  running  diAgonjllv 
downwards  across  the  field  from  left  to  right  is  a  vein,  while  the  narrowtJ 
tube  on  a  lower  level  is  a  branch  of  the  artery  (a).  The  capilbries  haw 
cot  yielded  equably  to  the  distending  force  of  the  tnjortion,  and  an: 
wider  in  some  places  than  in  others.  This  is  often  observed  in  injec- 
tions of  capillary  vessels,  and  probably  during  life  the  degree  of  disun- 
ion of  the  walls  of  the  capillaries  in  different  ports  of  the  some  tisu^ 
and  in  the  same  parts  at  different  times  varies  greatly. 

In  6g.  2  the  changes  occurring  in  infbmmation  areweD  rrprcMiitcd. 
A  small  particle  of  ntustard  was  applied  to  llie  web,  and  in  the  coune 
of  a  very  short  lime  the  capillaries  corresponding  lo  the  spot,  and  for  a 
short  distance  round  it,  became  much  distended.  As  the  blood  in  the 
capillaries  accumulates  it  flows  more  and  more  slowly  rill  at  length  it 
stagnates  in  the  vessels.  The  web  in  this  state  was  stained  with  canniae^ 
transferred  lo  glycerine,  and  preserved  as  described  in  p.  370.  Tht 
vessels  being  "  ruturally  injected."  The  colourless  blood -corpuscles  ac- 
cumulate in  the  capillaries  in  great  numbers,  and  these  being  coloured 
with  carmine,  a  very  clear  and  beautiful  [HVparation  results. 

A  minute  vein  from  the  inHamed  area  of  the  web  ol  a  living  frog  u 
represented  in  hg.  3,  pi.  LXXIX,  p.  376.  This  drawing  should  be 
alteniivcly  studied.  It  was  taken  a  few  minutes  after  inflammntinn  had 
been  excited  by  ihe  application  of  a  piece  of  muMard  paste,  the  si*  of 
a  small  pin's  head,  to  the  wcK  The  nerve  mcch-inism  by  which  tin 
change  in  the  vessels  is  so  quickly  brought  about,  will  be  understood  if 
the  experiment  described  in  p.  igt  be  referred  to. 

In  pL  LXXVIt,  fig.  r,  the  general  armngement  of  the  Urprncnt- 
trunks  in  the  web  of  the  frog's  foot  is  represented.    TIk-  t'mer  branrfio 
of  ncn'c-fibres  form  networks  of  dark  bordered  fibres,  the  con«itwr»x. 
fibres  of  which  divide  and  subdivide,  and  thus  two  or  three  series  ol 
networks  result,  the  fmest  of  which  re]>rcsent  ihe  ultim  1  .  ':iJtiDfk& 

of  the  nerve-fibres.     Some  of  these  form  lax  nelworks  -  ve»ek  s 

Others  in  the  substance  of  the  fibrous  texture  of  the  skin  ;  while  vpi»^ 
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surface  of  the  latter,  just  beneath  the  epithelium,  are  numerous 
Ijje,  in  which  nerve-loops  may  be  seen.  Amongst  the  pigment  cells 
plex  networks  of  extremely  delicate  fibres  in  great  numbers  are  to 
xmonstrated.  No  ends  can  be  discovered,  and  I  believe  in  all 
es  and  organs  the  ultimate  ramifications  are  continuous  fibres,  con- 
ed with  which  here  and  there  are  bioplasts. 

The  general  course  of  the  trunks  in  the  web  is  such  that,  as  seen  in  the 
ring,  arches  are  formed  by  the  meeting  of  branches  from  the  trunks  • 
■ach  side  of  the  web.  In  the  drawing  only  a  few  of  them  are  repre- 
ed,  but  there  are  such  numerous  meeting  and  inosculations  of  the 
ks  and  their  subdivisions  that  complex  and  extensive  networks  are 
led.  These  cannot  be  seen  by  the  magnifying  power  employed  in 
Qining  this  specimen,  and,  in  fact,  the  only  branches  indicated  are 
:  compound  trunks  of  dark  bordered  nerve-fibres.  Some  idea  of  the 
arrangement  as  it  exists  in  nature  may  be  formed  if  fig.  i,  in  plate 
*£XIII,  p.  406,  be  referred  to.  The  ultimate  distribution  of  the 
e-fibres,  in  several  tissues  of  the  frog,  are  referred  to  in  the  last 
ions  of  this  book,  commencing  at  page  411. 

F'ig,  2  is  a  representation  of  several  large  pigment  cells,  with  their 
tomizing  prolongations  in  great  number.  These  form  frequent  con- 
ions  with  those  from  neighbouring  cells,  and  thus  a  network  is 
led.  In  the  body  of  the  cell  is  the  bioplasm,  around  which  is  the 
lent,  consisting  of  minute  granules  suspended  in  fluid.  The 
ules  may  spread  with  the  fluid  into  all  the  tubular  passages,  as 
jsented  in  the  drawing,  or  they  may  collect  about  the  bioplasm, 
ing  a  more  or  less  spherical  mass,  by  which  the  latter  is  completely 
ured.  In  this  case  the  radiating  canals  and  communicating  tubes 
ik,  and,  as  they  only  contain  a  little  perfectly  transparent  fluid,  are 
ible. 

n  pi.  LXXVIII,  fig.  I,  is  a  good  drawing  of  capillary  vessels  from 

oot  of  the  living  frog.    Besides  the  colourless  blood  corpuscles  seen 

and  there,  the  reader  should  note  the  manner  in  which  the  red 

d  corpuscles  seem  to  race  one  another  as  they  are  pressed  onwards 

le  force  of  the  blood  current,  and  are,  here  and  there,  squeezed 

ther  and  bent  round  and  twisted  in  various  shapes,  as  they  are  driven 

ugh  constricted  portions   and  made  to  take  a  different  direction 

ipillaries  at  right  angles  to  the  course  originally  taken  by  the  blood. 

cells  of  epithelium  and  their  bioplasts,   somewhat  swollen   by 

ose,  may  be  observed  over  the  drawing,  and  to  the  right,  at  a,  is 

the  epithelium,  which  bounds  the  orifice  of  a  cutaneous  mucus 

d,  also  shown  in  fig.  3,  and  in  transverse  sections  of  the  tissues  of 

feb  in  pi.  LXXIX,  p.  376,  figs,  i  and  3. 

Tiree  pigment  cells  are  seen  in  different  parts  of  the  drawing,  fig.  i, 
XXVIII,  the  pigment  granules,  in  two  of  them,  being  diffused  in  the 
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fluid  and  distributed  through  the  branches  of  the  cell,  while,  in  the  lower 
cell  to  the  right,  the  granules  are  collected  together,  changes  which  may  be 
readily  observed  taking  place  in  the  web  of  a  young  frog  during  life,  and 
which  I  believe  to  be  due  to  the  varying  amount  of  fluid  in  these  cells 
and  their  ramifications,  determined  by  the  varying  state  of  the  blood  and 
alterations  in  the  force  of  the  circulation.  The  changes  in  the  pigment 
ceils,  and  therefore  the  general  colour  of  the  skin  are,  as  has  been 
shown  by  many  observers,  under  the  influence  of  nerves  and  nervous 
systems,  but  I  believe  it  is  only  in  this  indirect  manner,  through  its 
influence  on  the  vessels,  that  the  nervous  system  controls  or  determines 
the  concentration  and  distribution  of  the  granules  of  pigment 

I  have  given  in  fig.  2  a  drawing  of  all  that  can  be  seen  of  an  artery 
and  bundle  of  nerve-fibres,  in  the  thin  web  of  a  young  frog's  foot,  during 
life,  examined  under  favourable  circumstances  and  with  great  care.    It 
will  be  noticed  that  the  nerve-fibres  are  not  distinct,  while,  as  regards 
the  arter)',  no  definite  structure  can  be  observed — not  a  vestige  of  the 
muscular  fibre  cells  can  be  discovered  in  any  part  of  the  drawing.    This 
figure  contrasts  remarkably  with  fig.  3,  which  is  from  a  s[>ecimen  of 
the  same  tissues,  but  properly  prepared  in  the  manner  described  in 
p.  366.     The  observer  will  notice  how  much  more  distinctly  the  tissues 
are  seen  in  the  latter  than  in  the  former,  and  how  many  points  in 
minute  structure  come  out  which  were  not  to  be  discerned  at  all  in  the 
natural  specimen.     Both  preparations  were  magnified  with  the  same 
power,  and  may  be  fairly  compared  and  contrasted.     Not  only  may  the 
individual  nerve-fibres  in  the  compound  trunk  be  well  seen,  but  the 
branches  and   the   fibres  constituting  them  may  be  followed  without 
difficulty,  and  for  a  long  distance.     The  structure  of  the  arterial  coats  is 
well  displayed,  and  by  employing  higher  magnifying  powers,  various 
points  of  minute  anatomical  detail  may  be  satisfactorily  demonstrated. 

In  fig.   I,  pi.  LXXIX,  is  seen  a  transverse  section  of  the  tissues 
of  the  web  of  a  full-grown  frog,  which  is  worthy  of  attentive  study. 
If  the  obser\'er  desires  to  test  his  skill,  let  him  endeavour  to  trace  the 
course  of  the  nerve-fibres,  which  bend  down  from  the  surface  network, 
and  after  running  through  the  fibrous  tissues  of  the  web,  are  spread  out 
upon  the  other  side.     The  large  bundles  of  white  fibrous  tissue,  which 
form  the  substance  of  the  web  and  give  to  it  strength  and  firmness,  are 
seen  cut  across  transversely.     The  capillary  vessels  are  seen  only  u]>ob 
the  upper  surface  of  the  web,  where  it  is  very  thin,  but  in  its  thickei 
parts  are  ca]itllary  networks,  just  beneath  the  skin  of  both  surfaces   <^ 
the  web.     In  fig.    i  the   layers  of  cuticular  epithelium  are  partial  '^' 
detached. 

In  fig.  2  is  another  drawing  of  a  transverse  section  of  the  web.  Th'^ 
capillary  vessels  on  each  surface  of  the  web  are  more  distinctly  seen  # 
this  drawing  than  in  fig.  i. 
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In  fig.  3  is  represented  a  small  vein  from  the  foot  of  the  living  frog, 
in  a  part  of  the  web  to  which  a  small  piece  of  mustard  had  been  applied 
a.  few  minutes  before.  The  small  vein  itself  and  the  capillaries  con- 
tinuous with  its  cavity  are  occupied  by  colourless  corpuscles,  which 
adhere  to  the  walls  of  the  tube  and  obstruct  the  flow  of  blood. 

The  more  minute  investigation  of  some  of  the  nerve  tissues  of  the  frog 
will  be  found  described  in  page  370,  and  drawings  are  given  of  the  fine 
ramifications  of  the  nerves  in  the  irog  in  plates  LXXXIV,  LXXXVII, 
LXXXVIII,  LXXXIX;  in  an  insect  in  plates  LXXXV,  LXXXVI ; 
and  in  mammalia — the  mole,  the  bat,  and  man — in  plates  XCII,  XCIII, 
p.  414. 

aiS.  M  the  rre»armtlon  «f  Hard  Tlunes  Air  BxKinliiatlan  with  the 
■Ichest  Powen.  Bone,  Teeth,  tte. — The  methods  generally  employed, 
p.  98,  for  demonstrating  the  structure  of  bone,  teeth,  and  other  hard 
tissues,  only  enable  us  to  form  a  notion  of  the  minute  structure  of  the 
dead  and  dried  texture.  The  bioplasm  and  soR:  formed  material  of  the 
bone  are  dried  up  before  the  section  is  made.  And  yet  these  latter,  which 
are  represented  in  but  very  few  of  the  drawings  published  in  anatomical 
works,  constitute  the  difference  between  the  dead  bone  or  tooth,  and 
that  which  possesses  the  power  of  growth  and  change,  and  still  remains 
an  int^pul  part  of  the  living  body.  So  far  from  the  soft  matter  in  recent 
bone  being  unimportant,  it  is  the  most  important  of  all  its  anatomical 
constituents.  It  is  by  the  bioplasm  alone  that  all  osseous  and  dental 
tissues  are  formed  and  nourished.  From  the  arrangement  of  this  soft 
living  matter  not  having  been  generally  recognised,  the  most  erroneous 
ideas  have  prevailed,  and  still  prevail,  upon  the  formation  and  nutrition 
of  these  and  other  hard  tissues. 

Even  now  it  is  believed  by  some  that  the  "  dentinal  tubes  "  are  real 

tubular  passages  for  conveying  fluids  to  all  parts  of  the  dentine,  and  are 

thus  subservient  to  its  "  nutrition."    But  it  is  more  than  twenty  years 

since  Mr.  Tomes  proved  most  conclusively  that  these  so-called  "  tubes  " 

are  occupied  in  the  recent  state  by  a  moist  but  tolerably  firm  material 

("Philosophical    Transactions,"    February,    1856).      I    have    verified 

Mr.  Tomes'  description,  and  am  quite  certain  that  the  so-called  tubes 

are  not  channels  for  the  mere  flowing  up  and  down  of  nutrient  fluid. 

On  the  structure  of  recent  bone  and  teeth,  see  my  lectures  on  "The 

Structure  and  Growth  of  the  Tissues,"  Royal  College  of  Physicians, 

ii6oy  and  "Bioplasm,"  1872. 

Suppose  a  tooth  is  to  be  prepared  for  minute  microscopical  investi- 
fau'on,  we  may  proceed  as  follows.  The  same  plan  is  applicable  to  bone 
^d  shiell. 

I.  As  soon  as  possible  after  extraction,  the  tooth  may  be  broken  by 
'  cle^Lzi  hammer  into  fragments,  so  as  to  expose  fresh  surfaces  of  the 
Ssu^^.     Pieces  of  dentine,  with  portions  of  pulp  still  adhering  to  them. 
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may  be  selected  and  immersed  in  the  carmine  fluid,  and  placed  in 
a  vessel  lightly  covered  with  paper,  so  that  dust  may  be  excluded.  The 
vhole  may  be  left  in  a  warm  room  for  from  twenty-four  to  forty-dght 
hours. 

2.  The  carmine  solution  may  then  be  poured  off,  and  a  little  pUia 
dilute  glycerine  added,  p.  364. 

3.  After  the  fragments  of  teeth,  the  bioplasm  being  now  coIoutnI 
with  the  carmine,  have  remained  in  this  fluid  for  six  or  eight  hoiir% 
they  may  be  removed,  or  the  excess  of  fluid  may  be  poured  oS,  and 
replaced  by  a  little  strong  glycerine  and  acetic  acid,  p.  364. 

■4.  After  having  remained  in  the  glycerine  and  acetic  acid  for  diree 
or  four  days,  it  will  be  found  that  the  portions  of  soft  pulp  have  r^;aiDed 
the  volume  they  occupied  when  fresh.  They  have  swollen  out  a^jsto, 
though  immersed  in  the  strongest  glycerine. 

5.  I  have  found  that  in  many  cases,  when  it  is  desired  to  study  At 
arrangement  of  the  nerves,  it  is  necessary  to  harden  the  pulp  by  im- 
mersion in  a  glycerine  solution,  made  by  adding  to  an  ounce  of  the 
glycerine  solution  of  the  acetic  acid,  two  or  three  drops  of  a  arraig 
solution  of  chromic  acid,  p.  365.  The  fragments  may  remain  intfaii 
solution  for  three  or  four  days,  and  then  be  transferred  to  the  acetic 
acid  solution,  in  which  they  may  be  preserved  for  years  with  all  the  wft 
parts  perfect 

6.  The  specimens  are  now  ready  for  examination.  Thin  sectioss 
are  cuf  with  a  knife  from  the  fractured  surfaces  of  the  daitine^  and 
should  include  a  portion  of  the  soft  pulp.  The  knife  should  be  stronft 
but  sharp.  In  practice  I  have  found  the  double-edged  scalpels  first 
made  for  me  by  Messrs.  Weiss  and  Son,  of  the  Strand,  answer  exceed- 
ingly well  for  this  purpose,  nor  will  the  edge  of  the  knife  be  destroyed 
so  soon  as  would  be  supposed,  pL  XVIII,  p.  48,  fig.  8. 

7.  The  minute  fragments  of  sections  thus  obtained  are  placed  upoa 
a  slide  and  immersed  in  a  drop  of  pure  strong  glycerine,  in  which  they 
may  be  allowed  to  soak  for  an  hour  or  more,  and  then  examined  under 
a  low  power  (an  inch).  The  best  pieces  are  to  be  selected  by  the  aid 
of  a  fine  needle,  and  removed  to  a  drop  of  glycerine  containing  two 
drops  of  acetic  acid  to  the  ounce,  already  placed  upon  a  clean  slide. 
The  thin  glass  cover  is  then  carefully  applied,  and  the  specimen  may  be 
examined  with  higher  powers. 

8.  If  it  is  desired  to  retain  the  specimen,  the  excess  of  glycerine 
fluid  is  absorbed  by  small  pieces  of  blotting-paper,  and  the  glass  cover 
cemented  to  the  slide  by  carefully  painting  a  narrow  ring  of  Bell's 
microscope  cement  or  solution  of  Damar  round  it.  When  this  first  thin 
layer  is  dry,  the  brush  may  be  carried  round  a  second  time,  and  afler 
the  lapse  of  a  few  days,  more  may  be  applied.  Moimted  in  this  way 
the  specimen  will  retain  its  character  for  years. 
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als*.  ■vfirnliiB  nmxn  Tlaiam  by  lilBcrrmtlon  In  drrtiine  bb4 
A»M,  uul  nn  ibr  Anton  af  rrpMnc.—  Hard  tU&iies,  like  lK>ne,  dentine, 
and  trnamcl,  I>cctifiic  very  decidtrdly  softened  by  prolonged  rnaceration 
in  glycerine,  and  if  a  few  drops  of  acetic  acid  arv  added,  the  softeoing 
process  tniiy  be  carried  still  further,  and  yet  withoui  the  calcareous 
matter  being  dissolved  out  to  any  perceptible  extent.  If  desired,  of 
course  the  calcareous  matter  may  be  in  jort  or  entirely  removed  by  in- 
creasing the  strength  of  the  acid  fluid  in  which  the  preparation  is 
bnracrscd  But,  (u  short  of  this,  the  hard,  brittle  texture  is  so  altered, 
that  thin  sections  may  be  aa  without  any  difficulty.    Spedmens  pee- 

■d  in  this  way  may  be  examini-d  by  the  highest  magnifying  powers 

made, — b>'  which  s-tatemcot,  of  course,  I  mean  to  imply  that  mote 
may  be  teamt  by  studying  the  minute  structure  of  the  tis^tues  under  such 
high  powers  (1,000  to  5,000  luiear)  than  bf  the  use  of  ordinary  object* 
gbsses. 

I  hflvc  also  gained  advantages  in  the  investigation  of  the  minute 
structure  of  hard  tissues  from  the  use  of  a  solution  of  pepsine  in  glyce* 
rine,  made  as  follows  : — Ten  grains  of  pig's  pepsinc,  are  carefully  mixed 
with  two  drachms  of  distilled  water,  and  five  drops  of  strong  hydro* 
dtloric  acid  added,  and  the  solution  is  kept  at  the  temperature  of  100° 
far  two  or  three  hours,  and  then  filtered.  The  clear  fluid  is  iheo  added 
to  one  ounce  of  strong  glycerine.  This  solution  may  be  kept  withoui 
undergoing  decompoKitioD  for  a  long  time,  in  a  stoppered  bottle.  ^Vhen 
RCpiited  for  use,  a  small  ([uantity  is  poured  into  a  watch-glass  or  small 
wide  tube,  and  the  fragments  to  be  acted  upon  introduced  ;  the  whole 
is  to  be  kept  at  a  temperature  of  100°  in  a  small  hot-air  or  water  oven 
tor  an  hour  or  more.  When  sufficient  action  has  been  produced,  the 
pieces  are  transferred  lo  strong  glycerine,  slightly  acidulated  with  acetic 
acid,  and  carefully  examined  at  leisure  *I"hc  pepsinc  I  use  is  prepared 
from  the  pig's  stomach  by  drying  the  mucus  squeezed  from  the  gastric 
glands,  and  then  powdering  it,  and  making  an  infusion,  to  which  liydro- 
chlorir  arid  Is  to  be  added.  The  process  is  described  in  the  "  Archives 
of  Medicine^"  vols.  1  and  II.  Tlie  pepsina  pord  may  be  obtained  of 
Me&srs.  Bullock  and  Co.,  5,  Hanover  Street,  Hanover  Square. 

By  this  method  most  beautiful  preparations  of  the  ramification  and 
the  ultimate  distribution  of  the  nerve-fibres  and  vessels  of  the  pulp  may 
be  obtained ;  and  I  know  of  no  tissues  in  which  the  vast  multitude  of 
nerves  and  their  close  networks  arc  to  be  more  clearly  displayetL 

aiM.  The  PrriMU-atlon  of  Rnibrronlr  Tlaatin  far  ExuulnKtlaa  with 
Tcrjr  HiBh  psMctB. —  Many  of  the  softest  textures  may  be  investigated 
with  the  greatest  facility  after  having  been  soaked  in  strong  glycerine. 
In  preparing  these,  the  same  steps  which  have  been  described  in  p.  361, 
roust  be  carried  out,  but  the  glycerine  used  at  first  should  be  weaker, 
and  its  strength  very  slowly  and  gradually  increased,  either  by  adding 
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small  quantities  of  strong  glycerine  from  day  to  day,  or  by  placing  dw 
specimen  immersed  in  the  original  weak  solution  in  a  small  basin  orer 
strong  sulphuric  acid  under  a  bell  jar,  or  in  vacuo.     Ova,  at  a  veiycarijr 
period  of  development,  can  be  prepared  according  to  the  pxindite 
indicated,  and  many  important  iacts  in  connection  with  the  first  stq» 
in  the  development  and  formation  of  tissues  demonstrated  with  accuracy. 
Some  objections  have  been  advanced  by  Dr.  Ransom  and  othen  to 
this  plan  of  investigation  as  applied  to  the  ovarian  ova  of  fishes.    Dr. 
Ransom  says,  that  the  ammonia  "  dissolved  the  germinal  vesicle  and  0% 
contents."     Upon  experiment,  however,  I  found  that  so  far  from  this 
being  the  case,  numerous  bioplasts,  not  seen  in  ordinary  specimens, 
were  displayed,  and  many  new  facts  not  to  be  demonstrated  by  ex- 
amining the  ova  in  water,  were  discovered.     In  pi  LXXX,  figs,  i  and  3 
have  been  copied  from  Dr.  Ransom's  paper,  while  the  remaining  figures 
were  taken  from  specimens  prepared  by  me  in  the  manner  indicated. 
See  my  paper,  published  in  the  "  Transactions  of  the  Microscopical 
Society  "  for  July,  1867,  from  which  pL  LXXX  has  been  taken. 

Embryos  of  various  ages  may  be  injected  with  the  Prussian  blue  fluid. 
The  pipe  cannot  be  tied  in  the  vessels,  as  they  are  extremely  soft  But 
if  it  is  simply  inserted,  much  of  the  injection  will  run  onwards  into  the 
capillaries,  and  the  escape  of  a  certain  quantity  by  the  side  of  the  pipe 
is  a  matter  of  no  moment  It  is  often  advantageous  to  harden  the 
delicate  tissue  slightly  by  the  addition  of  a  Uttie  of  the  chromic  acid 
glycerine  solution,  p.  365.  When  once  the  tissues  have  been  fiiUy  per- 
meated by  glycerine,  they  may  be  dissected  and  manipulated  in  a  manner 
which  before  was  impossible. 

In  the  same  way,  extremely  sofl:  textures,  like  those  of  which  the 
acalephse  or  jelly  fishes  are  composed,  or  that  delicate  tissue  entering 
into  the  formation  of  the  vitreous  humour  of  the  eye  of  man  and  the 
higher  animals  may  be  prepared ;  and  all  the  masses  of  bioplasm,  series 
within  series  (nuclei,  nucleoli,  nucleoluli),  many  of  which  are  passed 
over  in  ordinary  methods  of  examination,  will  be  most  clearly  demon- 
strated. The  most  delicate  infusoria  and  the  germs  of  these  and  oi 
the  lower  plants  may  also  be  thus  prepared  and  preserved. 

The  lowest  as  well  as  the  highest  vegetable  tissues  may  be  coloured 
according  to  the  same  plan  with  the  carmine  fluid,  but  it  is  sometimes 
necessary  to  dilute  it  with  alcohol  or  with  more  water.  The  bioplasm  of 
the  spores  and  thalli  of  fungi,  represented  in  pi.  LXXXI,  p.  386,  has 
been  coloured  very  satisfactorily.  Fig.  i  is  the  same  as  represented  in 
pi.  LIV,  p.  206,  fig.  3,  and  illustrates  the  method  of  obtaining  coloured 
plates  referred  to  in  p.  356.  In  fig.  2  are  some  growing  yeast  cells, 
well  coloured  and  highly  magnified,  and  the  thallus  of  the  yeast  plant, 
represented  in  fig.  3,  is  growing  at  the  extremities,  and  the  bio[^asm  in 
Jhese  is  more  intensely  coloured  than  in  other  parts. 
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E    author's  views  concerning  the  structure,  formation,  and 

GROWTH    OF   TISSUES. 

To  aid  in  establishing  general  conclusions  concerning  the  nature  of 
hose  wonderful  processes  of  formation  and  growth  peculiar  to  things 
iving,  ought  to  be  the  aim  of  every  one  who  devotes  himself  to  the 
Dvestigation  of  the  minute  structure  of  animal  and  vegetable  tissues. 
Jut  in  these  days,  instead  of  being  encouraged  to  follow  the  example 
;t  us  by  Harvey  and  Hunter  and  Bichat,  observers  are  taught  by 
3pular  lecturers  to  devote  themselves  to  the  mere  observation  and 
-monstration  of  facts.  Many,  therefore,  spend  their  lives  in  the 
irsuit  of  &ct-hunting,  and  never  pause  to  enquire  whether  the  facts 
ey  suppose  they  have  discovered  are  facts,  whether  their  work  is  of  any 
;e  at  all,  and  whether  it  teaches  us  anything,  nor  even  ask  whether 
e  supposed  facts  affect  in  any  way  other  facts  already  known.  Fact 
ultiplication,  and  accumulation,  the  adding  of  fact  to  fact,  seems  to  be 
e  sole  aim  of  some ;  and  what  a  chaos  is  the  fact-heap  which  has  been 
ised  in  many  departments  of  enquiry  ! 

On  the  other  hand,  there  are  unscrupulous  writers  who  never  observe 
experiment  for  themselves,  and  look  upon  fact-finding  and  experi- 
enting  as  the  inferior  but  necessary  duty  of  an  order  of  beings  less 
■ted  to  survive  than  themselves,  but  developed  for  their  particular 
rriefit  and  use,  so  they  are  caiefiil  to  keep  in  with  the  poor  fact-finders, 
id  use  their  results  as  if  they  were  their  own.  From  their  intellects 
n.ly  proceed  generalisations.  They  select  the  good  facts  from  the  bad 
n^s,  and  construct  generalisations  for  the  instruction  of  humanity. 
.lit  further,  arrogant  doctrinaires,  who  never  made  a  practical  observa- 
oTi  or  discovered  a  single  fact,  conscious  of  superior  wisdom,  graciously 
ictate  the  precise  fields  in  which  inferior  minds  are  to  work,  and  lay 
.o'WTi  the  method  of  investigation  to  be  pursued  by  the  working  fact- 
iiinters,  condescendingly  remarking  that  as  conclusions  tend  in  this  or 
Hat  direction,  more  labour  is  required  here,  while  it  is  useless  working 
here,  and  new  investigations  should  be  immediately  set  on  foot  to 
prove  the  truth  of  this  and  that  idea  which  has  just  been  evolved  in  the 
recesses  of  their  understanding.  And  the  new  philosoi)her  is  very  wise 
in  the  method  he  pursues,  for  it  is  easier  to  frame  a  generalisation  and 
then  select  from  the  general  heap  of  known  facts  particular  facts  in  its 
support,  than  to  examine  the  facts  themselves  one  by  one,  to  separate 
the  true  from  the  false  facts,  to  observe  and  experiment  anew,  and  at 
last,  after  an  honest  survey  of  what  is  known,  to  endeavour  to  arrive  at 
sotne  general  conclusion. 

Formerly  those  who  advanced  new  views  to  explain  the  phenomena 
of  living  beings,  not  only  performed  the  work  of  fact-hunting  but  tested 
the  value  of  every  fact  upon  which  they  placed  reliance,  and  oul^ 
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deduced  their  conclusions  after  much  patient  investigation  and  experi— ^ 
ment.  But  of  late  a  far  superior  method  of  making  generalisations  ha^^ 
been  discovered,  and  much  of  the  old  and  slow  testing  and  analytica^B 
work  has  been  entirely  discarded.  Philosopher  and  Fact-hunter  seeic^ 
to  have  discovered  that  they  may  keep  their  offices  quite  distinct  anc^^ 
yet  work  to  each  other's  great  advantage.  A  compact  seems  to  have  beeir^ 
entered  into.  The  fact-finders  consenting  to  act  as  the  servants  oi  tool^B 
of  the  philosopher,  while  he  publicly  acknowledges  the  high  value  o^ 
fact-hunting,  and  spreads  the  fame  of  the  fact-finder  as  well  as  his  owi^_ 
DifiFerent  schools  of  philosophy  require  differently  constituted  facfc^ 
finders,  and  as  each  new  philosophy  rises  in  popular  favour,  its  ow%^ 
proper  fact-hunters,  reporters,  generalisers,  acquire  the  much-deare^^ 
renown. 

But  how  many  errors  now  pass  current  as  observed  facts,  and  ho-^*- 
many  unfortunate  generalisations  mar  the  advance  of  real  knowledge  j 
This  must  be  the  case,  if  those  who  advance  generalisations  refuse  to  ivft. 
vestigate  for  themselves,  and  practical  observers  confine  themselves  "fco 
mere  observation  and  refrain  from  thinking  and  speculating  concenuEKs^ 
the  facts  they  discover.     Disadvantage  to  all   knowledge  must  result 
from  the  attempt  to  draw  a  hard  line  between  speculative  thought  and 
practical  work.     Useful  hypotheses  are  more  likely  to  emanate  bown 
sound  practical  observers  and  experimenters  than  fixim  purely  speculative 
thinkers,  who  are  obliged  to  obtain  all  their  facts  second-hand,  and 
whose  training  has  in  too  many  instances  been  such  as  to  render  them 
quite  incapable  of  distinguishing  real  facts  from  apparent  facts,  and  of 
estimating  the  value  or  worthlessness  of  the  evidence  adduced  in  favour 
of  the  accepted  interpretation  of  any  given  fact  or  particular  phcDO- 
menon  observed. 

In  the  hope  of  encouraging  students  to  /hink  as  well  as  work,  I  have 
ventured  to  offer  a  short  r&um^  of  some  views,  which  are  founded  on 
facts  demonstrated  by  the  methods  of  investigation  described  in  this 
book,  which  is  mainly  devoted  to  practical  subjects,  and  has  been  written 
with  a  strictly  practical  object. 

In  many  parts  of  this  book  I  have  drawn  attention  to  the  great 
importance  of  special  methods  of  preparing  tissues.  But  in  order  to 
compare  different  textures  and  specimens  of  the  same  texture  at  different 
periods  of  its  growth,  a  uniform  process  of  preparation  must  be  adopted, 
or,  in  other  words,  all  structures  which  it  is  desired  to  compare  with  one 
another  must  have  been  subjected  to  the  same  methods  of  preparatim, 
and  must  be  examined  under  precisely  similar  conditions.  It  has  been 
shown  that  all  textures  may  be  easily  manipulated  and  examined  under 
the  highest  powers  when  immersed  in  glycerine  ;  and  it  has  been  proved 
that  in  every  tissue  obtained  from  a  living  being,  part  may  be  de^ 
staintii  while  part  is  left  colourless,  although  the  whole  has  been  freely 
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i^iii  ffl  by  an  alkaline  colouring  matter  in  solution,  p.  135.  The  first 
j^ateri  .^al  exhibits  certain  common  characters  throughout  nature,  while 
tfic  iM-^s-t  differs  extremely  in  anatomical  structure,  physical  properties, 
g^^  ^ir^Xiemical  composition  in  the  different  organs  and  textures  of 
2]jj0ia.l  5  and  plants,  and  in  the  organisms  of  a  lower  character. 

TSr»,e  matter  which  is  coloured  in  the  process  above  described  is, 
'\mfiA1-y,  that  which  has  been  termed  in  different  textures  eel/,  nucleus, 
itll  a^^^ients,  protoplasm,  mdoplast,  corpuscle ;  while  that  which  remains 
ijnc^ta.nged  is  that  which  is  known  as  intercellular  matter  or  siAsianee, 
tell  tua/l,  membrane,  protoplasm,  fibre,  periplastic  substance,  &c.     Great 
contusion  has  resulted  from  the  use  of  many  of  these  words  in  different 
senses,  and  from  the  application  of  the  same  word  to  essentially  diffe- 
rent substances.     Protoplasm,  for  example,  has  been  applied  to  living 
matter,  and  also  to  the  formed  matter  which  has  ceased  to  live,  and  by 
"any  physiologists,  amongst  whom  may  be  mentioned  Professor  Huxley, 
HI   his  paper  on  "  TTie  Physical  Basis  of  Life,"  and  in  other  communi- 
cations    Now,  when  the  carmine  fluid  is  used  properly,  the  living 
msttter  of  the  so-called  cell,  including  the  nucleus,  is  coloured,  while 
th^  outer  part  of  the  cell  and  intercellular  substance  remain  colourless, 
W^    can  therefore  in  any  texture,  which  has  been  properly  prepared, 
distinguish  the  active  living  growing  matter  from  the  passive  formed 
m^xMer.    As  regards  the  former,  it  is  often  possible  to  demonstrate  zones 
oF  colour  one  within  the  other,  the  innermost  or  the  youngest  being  in- 
Taxiably  coloured  most  intensely,  and  the  outermost  or  the  oldest  most 
kintly. 

By  comparative  observations  upon  the  same  tissues  at  different 
periods  of  growth,  I  have  been  able  to  demonstrate  a  continuous  but 
gradually  altering  relation  between  the  formed  material,  so-called  cell 
ttf^M,  and  the  bioplasm,  the  so-called  "nucleus,"  and  have  adduced 
iii£Lny  observations  which  establish  the  important  point  that  all  the 
f^T-med  material  was  once  in  the  state  of  the  living  matter  or  bioplasm 
irhich  alone  receives  the  colour.  So  that  in  the  formation  of  muscle, 
for  instance,  out  of  the  lifeless  nutrient  pabulum  in  the  blood,  the  matter 
wWich  is  to  become  muscle  passes  through  these  different  conditions : — 
I.  That  of  a  soluble  nutrient  matter,  or  pabulum,  which  is  taken  up 
by,  and  converted  into  : — 

3.  Bioplasm  (nucleus,  nucleolus,  nucleolulus,  and,  in  some  instances, 
protoplasm),  which  gradually  becomes  resolved  into : — 

3.  Imperfectly  developed  formed  material  which  assumes  the  form 
of  ;— 

14.  Fully  developed  formed   material,    as  fibrous  tissue,  cartilage, 
Osseous  tissue,  muscular  contractile  tissue.     This  last  slowly  changes 
and  is  resolved  into  : — 
5.  Disintegrated  formed  material,  which  is  gradually  reduced  to  z. 


384  HOW  TO  WORK  WITH  THE  MICROSCOPE. 

soluble  state,  and  is  by  oxidation  and  other  chemical  processes,  sfe 
length  converted  into  new  substances,  some  of  which  pass  away,  wfailQ 
others  in  their  turn  become  "pabulum  for  other  kinds  of  bioplann,  socbi 
as  the  colourless  blood  corpuscles  and  lymph  corpuscles,  which  ai^ 
therefore  the  agents  concerned  in  the  removal  of  the  disint^iate«{ 
material 

It  will  be  noticed  that  one  very  important  point  gained  in  the  course 
of  this  enquiry,  is  the  determination  of  the  diiferences  by  which  theW©. 
plasm,  or  aclive  living  growing  matter  of  all  tissues,  is  distinguished  fita 
the  matter  which  v^  formed,  or  which  results  from  the  changes  oceurriMgit 
this.    The  general  conclusion  was  established  in  my  lectures,  gna 
before  the  Royal  College  of  Physicians,  in  April,  1861.     I  have  since 
worked  out  changes  occurring  during  the  growth  and  formation  of  nuay 
tissues  in  detail,  in  the  various  grades  of  the  higher  animals  and  plaot^ 
as  well  as  in  the  lowest  and  most  simple  living  forms. 

The  material  stained  by  carmine  must  be  ref;arded  as  matter  mi 
state  of  change.  It  is  as  different  from  pabulum  as  it  is  from  tissDC 
It  cannot  be  obtained  from  the  first,  nor  can  it  be  converted  into  dte 
last,  except  it  remain  in  the  organism  to  which  it  belongs,  and  unda 
the  exact  conditions  favourable  to  the  chaise.  Bioplasm  is  not  iism, 
for  it  lives  and  grows,  but  it  may  at  -length  undergo  conversion  iUd 
tissue.  It  is  living  matter,  and  in  this  state  differs  absolutely  froo 
matter  in  every  other  known  state.  Now,  by  the  word  living,  I  desirc 
to  imply  that  in  this  matter  so-called  phenomena  of  a  peculiar  natine 
are  observed,  which  phenomena  have  not  been  explained.  They  cannot 
be  accounted  for  by  any  known  laws,  they  cannot  be  imitated  artificially. 
And  like  phenomena  have  never  been  observed  anywhere  except  in  the 
living  matter  of  living  things. 

Among  the  peculiar  properties  or  powers  of  every  mass  of  living 
matter,  the  following  are  the  most  important : — 

1.  The  power  of  altering  and  appropriating  certain  soluble  mattei^ 
and  communicating  to  these,  properties  or  powers  of  the  same  nature  as 
those  which  the  already  existing  living  matter  itself  possesses. 

2.  The  power  of  moving  in  all  directions.  The  passage  of  one  pot 
of  a  living  mass  to  another  part,  so  that  one  portion  may  advance  itidf 
in  front  of  another  portion,  or  encircle  another,  and  blend  with  it 

3.  The  power  of  causing  the  elements  of  matter  to  take  up  definite 
relations  towards  one  another,  so  that  definite  compounds,  perhaps  not 
to  be  produced  in  any  other  way,  and  often  exhibiting  definite  structuie, 
may  result,  when  the  matter  shall  cease  to  live. 

4.  The  power  of  infinite  increase. 

By  observation  the  important  conclusion  is  established  that  the 
formation  of  all  tissues  and  organs,  no  matter  how  different  their  ult 
mate  structure  and  ofRce  may  be,  is  due  to  changes  taking  place  in 


n  a  very  peculiar  state,  wliicb  cannot  be  correctly  called  a 
phyiifal  i\3\t^  because  no  known  phy&icAt  8t»te  of  maltcr  ex- 
\y  analogy  to  the  living  stale  Kot  is  the  Utter  in  any  way 
blc  with  any  other  state  in  which  matter  is  known  to  exJsL 
ig  state  is  exceptional  and  peculiar  ami  stands  alone.  There 
knsition  from  the  non-living  into  the  living  state,  but  niatlcr 
iddenly  from  one  stale  into  the  other.  Neither  is  there  in  any 
;radatiuii  from  any  Torm  of  non-living  matter  to  any  form  of 
iU£r. 

crences  above  detailed  enable  me  to  describe  vcrj'  simply  the 
3f  the  most  complex  tissues  and  the  changes  which  occur 
growth.  Il  is  not  necessar)-  to  discuss  in  any  given  case 
|cell  wall,"  "cell  membrane,"  or  "intercellular  substance," 
Its,"  "  nucleus,"  "  nucleolus,"  "  primordial  utricle,"  "  proio- 
"  blastema."  For  every  tissue  and  organ  of  every  living  thing 
of  maitcr  in  two  states  : —  77ie  living  or  gfrminat  st.iic  .ind  tke 
md  lijeifsi  state.  All  incrtast,  muliiplication,  diviuon,  &c,  is 
ptter  in  the  first  state  and  to  that  alone.  Living  particles  do 
tgaff  together  lo  form  one  living  mass,  but  one  living  m.iss  may 
d  ttparaie  into  a  vast  number  of  distinct  living  panicles,  each 
kay,  by  taking  non  Ux-ing  matter  into  itseli  and  changing  the 
wnt  of  its  atoms,  grow  and  become  a  mass  like  the  first 
y  partkle  of  the  bioplasm  or  living  matter  comes  from  a  pre- 
living  particle, — and  every  piece  of  tissue,  and  formed  matter 
kind  derived  from  a  living  being  was  once  in  the  condition  of 
\. 

ful  in\TStig3tion  of  the  relations  which  the  bioplasm  1)«its  to  the 
erial  at  different  periods  of  growth,  and  the  careful  study  of 
kinds  of  matter  in  the  \-arious  textures,  teach  us  the  order 
le  various  changes  occur  and  the  cmiiloymcnt  of  olhcr  terms 
sujNirHuous. 

Hjrn^  of  my  views  will  be  found  tn  my  worit  on  Bioplasm,  and 
he  Lumlctan  Lectures  for  1875,  "  On  Life  and  on  the  Nature  of 
ws  in  Death  and  Disease."  Brief  extracts  from  my  papers, 
notices,  have  from  time  to  time  appeared  in  a  few  journals 
>ks.  An  excellent  analysis  extending  over  twentj-  pages 
]  in  the  "American  Journal  of  the  Medical  Sciences  "  for 
i67,  but  by  far  the  most  complete  notice  of  my  views,  and 
:  and  roost  interesting  account  of  their  general  bearing  upon 
ilejns  of  the  greatest  importance,  will  be  found  in  Dr. 
'Protoplasmic  Theory  of  Life."  That  these  notions  ar*;  not 
by  the  material  philosophers  wilt  not  excite  suq>Ti8e.  In 
I  some  other  departments  of  human  effort,  it  will  be  found 
who  are  always  protesting  that  they  alone  are  liberal,  and 

1  c 
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wide,  and  broad,  and  yearning  after  truth,  attach  meanings  to  such 
words  as  liberal,  wide,  broad,  truth,  and  many  more  which  are  alone 
sanctioned  by  materialist  authority. 

38*.  sf  Linnv  Matter  or  Blsplasm. — The  smallest  particles  of  Ihii^ 
matter  are  spherical,  and  the  largest  mass  always  assumes  the  spherical 
form  when  suspended  in  a  Ruid  or  semi-fluid  medium.  Every  form  d 
bioplasm  or  living  matter  in  nature,  and  at  every  period  of  its  existence 
is  invariably  colourless. 

Very  small  particles  of  this  living  matter  or  bioplasm  are  represented 
in  pL  LXXXI,  fig.  i,  b.  Now  such  particles  cannot  be  termed  cells,  if 
the  ordinary  definition  of  that  word  is  accepted.  Each  consists  of 
bioplasm  with  possibly  a  very  thin  layer  of  formed  material  upra  id 
surface.  Each  of  these  particles  may  increase  in  size  by  the  absoqitiaa 
of  nutrient  pabulum  into  its  substance,  and  each  may  then  divide  utd 
subdivide  into  separate  portions.  In  fact  each  possesses  the  propeitici 
usually  regarded  as  characteristic  of  cell  life. 

TTie  mucus  corpuscle  which  is  represented  in  pL  LIII,  p.  204  fig.  7, 
consists  of  a  mass  of  bioplasm  which  as  it  lies  in  the  mucus  or  foimed 
material  exhibits  movements  as  shown  by  the  dotted  lines.  The 
"  mucus  "  or  viscid  matter  around  and  in  which  it  lies,  was  foraied  fruii 
it,  and  corresponds  to  what  has  been  termed  "  cell-wall,"  "  intercellulir 
substance "  in  other  cases.  The  white  blood  corpuscle,  pL  XXXIX, 
p.  158,  fig.  5,  is  another  example  of  bioplasm  or  living  matter  which,  u 
is  well  known,  is  invariably  colourless  and  exhibits  slow  movemenH 
The  amceba  which  is  represented  in  pi.  LIII,  fig.  5,  is  another  easily 
obtainable  and  characteristic  example  of  bioplasm  or  living  mattei,  and 
in  its  active  state  exhibits  movements  in  every  direction,  which  ihe 
observer  should  intently  study  over  and  over  again.  These  movement! 
are  vital  moi'emerils,  and  all  attempts  to  explain  them  by  physics  and 
chemistry  have  signally  failed. 

The  character  of  bioplasm  or  living  matter  can  be  studied  loy 
readily  in  the  amoeba.     If  carefully  studied  under  the  i-i2th  ofanind 
object-glass  the  amceba  will  be  observed  to  alter  in  form.     At  varioB 
parts  of  its  circumference  protrusions  of  its  very  substance  will  be  seen 
to  take  place.     The  protrusions  consist  of  the  material  which  fomisihe 
basis  substance  of  the  amceba.     It  will  be  noticed  that  this  tDoriii, 
material  is  perfectly  colourless  and  transparent,  and  under  the  i-25th  and 
i-5oth  of  an  inch  objective  no  appearance  of  structure  can  be  discerned 
in  it.     It  is  true  that  granules  and  foreign  particles  may  be  seen  em- 
bedded in  it,  but  these  are  extraneous,  or  have  been  formed.    The 
matter  in  which  the  motor  power  resides  is  perfectly  clear,  transparent, 
and  structureless.     Motion  is  communicated  to  the  solid  panicles  bj 
the  movements  of  the  transparent  living  matter.    The  moving  matter 
has  been  termed  sarcode  and  has  been  spoken  of  as  "jelly-like  3"  but 
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no  jelly  is  capable  of  movement,  and  no  living  matter  exists  which  is  as 
incapable  of  movement  as  is  every  foim  of  jelly  that  is  known.  Under 
certain  circumstances  the  movements  of  the  amceba  cease,  and  a  change 
is  observed  to  take  place  upon  its  surface. 

381.  Tke  COBTcralon  of  LItIds  BlopUuittt  Into  Formed  MBteiial. — 
The  external  surface  of  a  mass  or  particle  of  bioplasm  in  contact  with 
air  or  fluid  becomes  altered.  In  plain  language,  the  layer  of  living 
matter  upon  the  surface  of  a  mass  of  bioplasm,  which  is  in  contact  with 
fluid,  or  exposed  to  the  air,  soon  dies.  According  to  the  precise  con- 
ditions under  which  death  occurs,  different  substances  result.  These 
formed  matters  may  be  solid,  fluid,  or  gaseous.  They  may  be  soluble 
or  insoluble  in  water.  They  may  be  soft  or  hard,  coloured  or  colour- 
less. They  are  formed,  and  their  formation  is  in  great  part  due  to  the 
relation  which  the  elements  of  the  living  matter  were  made  to  assume 
towards  one  another,  during  the  living  state,  or  just  before  the  death  of 
the  particle  occurred.  That  relation  is  definite,  so  that  from  the  same 
kind  of  living  matter  under  similar  conditions  the  same  kind  of  formed 
substance  results.  The  very  same  elements  which  lived  in  the  living 
matter,  always  enter  into  the  composition  of  the  formed  material,  but 
their  arrangement  and  their  relations  to  one  another  is  totally  changed. 

The  mode  in  which  the  formed  material  is  produced  will  be  under- 
stood by  reference  to  fig.  i,  pi.  LXXXII,  p.  390.  In  a,  b,  and  r,  both 
bioplasm  and  formed  material  are  undergoing  increase.  In  fig.  2,  the 
mass  of  bioplasm  is  dividing  in  the  substance  of  soft  formed  material,  a 
portion  of  which  surrounds  each  of  the  resulting  masses,  as  seen  in 
fig-  3j  but  the  formed  material  is  perfectly  passive— as  passive  as  a 
mass  of  mucus,  or  Jelly,  or  semifluid  matter  would  be  in  which  such 
self-moving,  growing,  dividing  matter  was  embedded. 

Tlu  production  of  formed  material  may  also  be  studied  in  the  con- 
version of  the  colourless  blood  corpuscles  into  the  red.  In  the  f«^ 
and  newt,  especially  early  in  the  spring,  numerous  colourless  corpuscles 
will  be  found  which  at  the  outer  part  are  undergoing  change,  the  matter 
in  this  situation  losing  its  granular  appearance,  and  becoming  smooth 
and  tinted.  As  the  corpuscle  advances  in  age  this  process  continues 
until  at  last  the  oval  red  corpuscle  is  seen  to  contain  only  a  small  por- 
tion of  bioplasm  or  living  matter  in  the  interior,  as  represented  in 
pi.  XXXIX,  p.  158,  fig.  4.  In  mammalian  animals  generally,  this  change 
goes  much  further,  and  the  whole  corpuscle  gradually  undergoes  con- 
version into  semifluid  coloured  formed  material,  which  however  soon 
becomes  a  little  hardened  or  condensed  on  the  surface.  Thus  results 
a  so-called  "cell-wall."  The  fully  formed  mammalian  red  corpuscle 
consists  of  matter  at  first  in  a  colloid  state,  but  this  ultimately  assumes 
the  crystallising  property  and  readily  undeigoes  crystallisation.  In  some 
instances,  as  in  the  case  of  the  blood  corpiiscle  of  the  Guinea-pig,  this 
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change  occurs  within  a  very  short  time  after  the  corpuscle  has  ceased  t 
move,  and  without  the  addition  of  water  or  any  reagent  When  a  dn> 
of  blood  is  withdrawn  from  the  circulation  of  the  animal  and  place 
upon  a  glass  slide  this  change  takes  place,  and  each  red  blood  cor|»isc~ 
forms  a  crystal,  or  many  coalesce  to  form  a  large  crystalline  mass.  I 
figs.  3,  6,  pl-  XXXIX,  p.  158,  some  of  these  crystals  formed  from  tfc 
red  corpuscle  of  Guinea-pig's  blood  are  represented. 

Another  simple  case,  showing  the  formation  of  formed  material  ftxk 
bioplasm,  may  be  studied  in  cuticle  {man,  frog,  newt),  or  in  the  ce  ~ 
upon  the  papillae  of  the  tongue.  At  first  there  is  but  a  very  thin  la^ 
of  formed  material  upon  the  surface  of  the  bioplasm,  and  this  is  soft, 
that  the  mass  may  divide,  and  each  jKntion  be  invested  with  a  th- 
layer  of  this  soft  formed  material.  Nutrient  pabulum  passes  throi*^ 
the  formed  material  to  the  bioplasm  within,  and  a  portion  of  the  lat^- 
undergoes  conversion  into  formed  material  The  bioplasm  increas.. 
while  at  the  same  time  new  formed  material  is  produced.  This 
shown  in  figs.  4,  5,  6,  pl.  LXXXII.  In  the  last  figure,  a  thick  la.^- 
of  formed  material  has  resulted,  which  only  permits  a  very  litt 
pabulum  to  pass  slowly  through  it.  The  entire  cell  does  not,  therefor 
increase  in  size ;  but  the  conversion  of  bioplasm  into  fonned  matter  sti. 
proceeds,  so  that  at  last  a  mere  trace  of  the  bioplasm  remains,  and  tha 
often  dies  and  becomes  liquefied  and  removed,  leaving  a  space  or 
cavity  (vacuole)  containing  fluid,  which  marks  where  the  living  nutter 
was  situated. 

Now  the  bodies  represented  in  pl.  LXXXII,  p.  390,  figs,  i  to  6,  are 
termed  cells.  Cells  of  this  simple  character  are  very  common,  par- 
ticularly in  many  vegetable  textures.  In  these,  however,  the  formed 
material  is  usually  thinner  except  in  the  case  of  very  hard  vegetable 
tissue,  when  the  whole  "  cell "  consists  of  highly  condensed  and  vety 
dry  and  hard  formed  material,  there  being  often  a  cavity  in  the  centre, 
which  was  once  occupied  with  bioplasm.  Every  cell  that  is  growing 
and  is  capable  of  any  active  changes  consists  of  a  portion  of  bioplasm 
or  Ih'ing  matter,  around  which  is  a  layer  o{  formed  material  or  lifdet 
matter,  varying  in  thickness  in  different  cases.  In  all  instances,  howe^tr, 
this  formed  material  has  resulted  from  the  death  of  particle  after  fartidt 
of  the  bioplasm  or  living  matter.  That  the  formed  material  is  deposited 
as  I  have  described  may  be  proved  by  anyone  who  will  watch  the  chai^ 
which  occur  in  such  a  structure  as  ordinary  mildew.  These  changes  are 
represented  in  the  drawings  in  pl.  LXXXI,  p.  386,  fig.  i.  The  different 
figures  of  mildew,  in  various  stages  of  growth,  are  careful  copies  fhm 
nature,  and  should  be  attentively  studied  with  the  aid  of  the  explanalioos. 

The  bioplasm,  which  in  some  of  the  plates  is  known  by  itsgranulai 
appearance,  and  in  others  by  its  being  coloured  red,  is  in  feet,  the  only 
active  part  of  the  "cell."    Nothing  can  be  said  to  live  which  does  not 
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cont^"  bioplasm.  In  truth,  the  only  part  of  us  that  is  really  living  U  tlie 
bioi?l^*s™>  or  living  matter,  of  our  bodies.  In  pi.  LXXXIV,  p.  408,  and 
in  pi-  I-XXXVITI,  p.  41J,  fig,  4,  are  represented  some  growing  muscular 
fibres.  The  masses  of  bioplasm  arc  large  and  well  formed.  The  so- 
fTiilg<3  "nuclei "  of  the  nerve  and  other  fibres  consist  of  living  mailer  or 
Ijioplz^^im-  In  tendon,  and  various  forms  of  fibrous  tissue,  the  tibrous 
tnattcsr  is  the  formed  material  (x>v  pi.  LXXXll,  flg.  15).  So  also  in 
CATtt  Luge  the  same  simple  dtstint-iion  can  be  made  between  the  bioplxsni 
anti  ciic  formed  material.  The  so-called  "intercellular  substance  "or 
*•  msxt^ri""  of  cartilage,  figs.  13,  14,  is  no  more  intercellular  than  the  so- 
cailts*^  "  wall  "  of  .in  epithelial  cell  ia  mtera-iluhr,  "  Of  the  fonnation  of 
the  s.<M:allcd  intercellular  substance  of  cartilage,  and  of  its  relation  to 
the  ^<K3dIed  cells."  Set  "  Transactions  of  the  NficrosKopical  Society," 
MaT-«-:li,  1863. 

Xn  young  ttssues  the  proportion  of  bioplasm  to  the  formed  material 
is  in  variably  t'ety  great;  compare  the  young  ncrve-cclls,  represented  in 
\>V  ^CCV,  p.  416,  figs.  2,  J,  with  the  fully-formed  nerve-cells  in  pi  XCIV, 
p.  4.16.  Also  observe  the  relative  tiuantilies  of  bioplasm  and  formed 
material  in  the  young  .ind  advanced  cells,  represented  in  pi.  LXXXU, 

P-  39*^  f'gs-  4.  5.  snd  6. 

The  bioplasm,  or  actual  living  matter  itself,  is  inxrariably  clear,  tnins- 
Varcnt,  and  structureless,  but  it  is  usually  seen  to  be  granular.  Granules 
arc  often  suspended  in  it,  and  caused  to  move  as  the  Uvix^  matter 
moves.  Sometimes  it  exhibits  colour,  but  the  colour  dues  not  belong  to 
the  bioplasm ;  it  is  suspended  in  it  or  mixed  with  it,  but  the  hioplu^itn 
can  in  all  cases  move  away  and  leave  the  coloured  fluid  or  particles 
l»chind. 

■HI.  rttrmcd  nntertKl  la  sutiHtBiice  nf  niopliuin. — In  the  examples 
already  adduced,  the  formation  of  the  formed  material  takes  jdacc  upon 
the  ivt/rr/>ar/  of  the  bioplasm,  and  as  the  cell  Increases  in  size  the  layers 
of  formed  ntaterLd  first  produced  arc  pushed  out  by  those  forme<l  last- 
In  many  instances,  however,  formed  material  of  anoihcr  kind  h  deposited 
amifngsf  thf  partMes  of  the  bioplasm.  In  pi.  XLVl,  pL  173,  figs,  i,  a, 
art  repa-fcnted  some  of  the  young  starch -holding  cells  of  the  potato. 
The  so-called  cell-wall  is  formed  around  the  bioplasm,  while  the  starch 
U  de]rosited  as  small  insoluble  particles  in  its  substame.  In  fad,  b)*  the 
death  of  particles  upon  the  surface  of  the  living  mailer,  therW/w/wc '*cetl- 
wull "  is  formed,  while,  .-i.<i  a  consequence  of  a  similar  change  ofTecting  the 
]>articles  further  inwards,  starch  results.  Each  starch  grain  is  increased  in 
size  by  the  deposition  of  new  niatler  from  the  bioplasm  layer  after  lajvr 
upon  the  surface.  In  some  of  the  cclU  no  starch  grains  are  formed  in 
the  interior,  but  instead,  the  "wall  of  the  cell"  is  greatly  thickened 
by  the  dcjiwition  of  a  closely  allied  material  upon  iu  internal  surface, 
AlMT  wiiJUii  lawr. 
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The  starch  grains  lie  embedded  in  the  bioplasm,  and  are  separated 
from  the  "  cell-wall "  by  a  thin  layer  of  it  This  part  of  the  bioplasm 
which  lies  just  within  the  cell-wall  was  known  as  the  "  primordial  utricle" 
of  the  vegetable  cell 

The  fat  cell,  or  adipose  vesicle,  is  formed  in  precisely  the  same  way, 
and  fat  may  be  deposited  amongst  the  bioplasm  of  other  cells,  such  as 
the  cartilage  cell,  and  in  nerve  and  other  cells  in  certain  cases.  The 
first  formation  of  fat  in  a  fat  cell  is  represented  in  pL  LXXXII,  p.  390, 
fig.  II. 

388.  or  the  NncieoB. — In  the  starch  cell,  and  in  the  fat  cell,  aod 
some  others,  the  *'  nucleus  "  appears  to  take  no  active  part  in  the  changes 
which  occur  in  the  interior  during  the  formation  of  the  starch  or  fatty 
matter,  and  other  substances  which  are  deposited  within  cells,  after 
the  cell-wall  has  been  formed.     What,  then,  is  this  "  nucleus,"  which  is 
found  in  animal  and  vegetable  cells,  and  of  which  many  examples  irtll 
be  seen  in  the  drawings  in  the  plates  ?    The  nucleus  consists  of  bio- 
plasm or  living  matter.     It  may  be  regarded  as  a  new  centre,  and  it  has 
arisen  in  a  pre-existing  centre  of  living  matter.     In  many  masses  d 
bioplasm  there  are,  in  fact,  two  or  three  series  of  centres,  one  within  the 
other.     In  one  centre  (nucleus)  there  may  be  one  or  a  vast  number  of 
new  centres  (nucleoli).     Set  pi.  LXXX,  p.  380,  figs.  3,  5,  and  8.    The 
nucleus  is  in  all  cases  composed  of  bioplasm  or  living  matter,  and  it  has 
appeared  in  bioplasm  already  existing.    The  power  or  force  by  which  the 
development  of  centre  within  centre  is  determined,  whatever  its  nattite 
may  be,  always  acts  upon  matter  in  a  directionyiww  centres.    Particlesof 
matter  which  have  become  living  invariably  move  in  this  direction,  and  as 
they  move  farther  and  farther  away  from  the  centre,  their  power  of  anima- 
ting lifeless  matter  becomes  less,  though  in  them  new  centres  possessing 
increased  power  make  their  appearance.     These  new  centres  somehow 
aci|uire  new  power  while  remaining  apjiaiently  quiescent.     The  process 
of  acquiring  vital  power  and  the  development  of  nuclei  with  high  vital 
endowments  is  opposed  to  the  process  of  taking  up  a  large  quantity  of 
pabulum,  and  the  rapid  increase  and  multiplication  of  bioplasm. 

884.  or  tbe  term  celL — Not  only  has  it  been  arbitrarily  laid  down 
that  a  "cell"  involves  the  existence  of  a  "v/all,"  certain  "contents,"  and 
a  "  nucleus,"  but  distinct  properties  are  still  attributed  to  each  of  these 
parts  res|)ectively,  although  no  one  has  ever  been  able  to  show  that  the 
offices  assigned  to  them  were  really  performed.  A  small  particle  of  living 
matter,  such  as  is  represented  in  pi.  LXXXI,  p.  386,  fig.  i  at  i>,  will  not 
fall  under  the  definition  given  of  a  cell,  nor  is  it  [xjssible,  by  any  reason- 
able inter|>retation  of  the  terms  employed,  to  bring  colourless  blood 
corpuscles  and  a  host  of  other  objects  into  the  cell  category.  To  include 
these  the  definition  must  be  totally  changed,  and  the  existence  of  cells 
must  be  admitted  vjKvcK  tvave  no  walls,  in  other  words,  the  ver)-  thing 
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H  makes  the  body  a  cell,  is  necessary  and  is  not  necessary.    The 

:ul[y  of  including  many  bodies  under  the  old  definition,  combined 

an  implicit  faith  in  its  truth,  has  led  many  observers  to  affirm  the 

«2nce  of  a  "  cell-wall,"  when  none  could  be  discov£a*ed,  and  at  last 

*  of  the  supporters  of  the  cell  theory  have  taken  refuge  in  the 
rine  that  the  "-cell-wall"  itself  is  fluid,  and  is  capable  of  being 
c:hed,  and  of  running  together  like  the  him  of  a  soap-bubble. 

»  rotophum. — The  moving  matter  of  tlie  colourless  blood  corpuscles, 
^  ranular  matter  around  the  so-called  nuclei  of  muscle,  the  contents 
„>art  or  entire)  of  the  vegetable  cell,  which  I  have  termed  living 
;»ir  or  bioplasm,  have  been  called  "protoplasm."  Unfortunately 
e  who  have  employed  this  word  have  not  accurately  defined  what 

desire  to  include  under  it  Mr.  Huxley,  not  content  with  calling 
L  matter  protoplasm,  speaks  of  roasted  and  boiled  protoplasm,  biit 
,oes  not  give  the  details  of  the  process  by  which  he  has  succeeded 
>asting  and  boiHng  living  things. 

The  meaning  of  many  of  the  terras  generally  employed  in  describing 
structure  ofj  and  the  changes  taking  place  in,  cells,  becomes  greatly 
L  ilied  from  year  to  year,  and  in  this  way  confusion  and  ambiguity  are 
~  ^ioned.  Not  unfrequently  the  same  term  is  used  in  different  senses 
-»e  same  discourse. 

^loplaam  >nd  Formed  HatcrfaL — To  save  a  long  and  tedious  dis- 
;ion  as  to  the  meaning  which  should  be  assigned  to  the  words  in 
^ral  use,  I  have  been  led,  as  the  reader  will  have  noticed,  to  use  one 
.^\o  new  terras  when  speaking  of  the  essentially  different  parts  of 
cell  or  tissue.  I  have  applied  the  term  bioplasm  or  living  mailer  only 
Inat  which  lives,  changes,  converts,  germinates,  &c.*  Formed  malerial^ 
the  other  hand,  never  possesses  any  of  rhese  properties.    It  has  lived, 

is  now  lifeless ;  it  may  be  changed,  but  it  cannot  change  itself.  In 
rition,  lifeless  pabulura  becomes  living  bioplasm,  which  becomes  in  its 
n  formed  material,  cell-wall,  or  intercellular  substance,  or  soluble,  or 
xeous  matter,  as  the  case  may  be.  Formed  material  may  accumulate 
it  may  be  formed  in  a  fluid  state,  and  disintegrated  as  fast  as  it  is 
oduced.  A  most  important  point  is  this :  that  formed  material  of 
ery  kind  was  once  bioplasm.  New  formed  matter  is  deposited  in  one 
finite  direction  only,  from  the  centre,  or  from  within,  so  that  in  an 
dinary  simple  cell  the  bioplasm  is  invariably  within,  then  comes  the 
■ently  produced  formed  material,  and  lastiy  the  oldest  formed  material, 
lich  is  therefore  most  external. 

The  reader  will  readily  understand  the  views  above  given  if  he  will 
entively  examine  the  figures  appended  in  the  text.  a.  The  smallest 
ible  particles  of  bioplasm  or  living  matter,     b.  Small  collections  of 

*  Roast  mutton  and  boiled  lobjiler  may  be  protoplasm,  but  they  most  certainly 
not  bioplasm. 
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lHOpli«m,  with  a  itttlc  formed  material  between  ihem  (ai  in  mucit*X 
the  small  mass  to  the  right,  [lottions  arc  seen  to  ptni  if  t]J5 

became  detached,  each  one  would  grow  and  give  rise  !■  -  diitm^ 

masses,  c.  A  mass  of  bioplasm,  with  a  very  thin  lajrer  of  fonocd  maioxa 
upon  iis  external  surface  (cell-waU).   t/.  Same  as  the  Ui^t.  Imt  vith  a  tttsi 

centre  of  growth  (nucleus),  whi«:: 
has  arisen  in  its  subsianoe.      T>k 
nucleus  is  ncnr  oomparativelx  iitt; 
esccnt,  Liul  it  is  capable  of  assunii 
active  growth.    If  t  were  expoacd  t 
unfavourable  conditions,  the  whol, 
wou  Id  be  destroyed,  but  under  nmil^ 
circumstances  the  nu(.-Jcu»  alrnd 
developed  in  d  might  alone  rcsi« 
these  influences.      The  conditioai 
becoming  favourable,  the  nucleus  would  grow  and  produce  new  elencr»- 
tary  parts,  even  if  all  but  this  small  pottton  of  the  original  mas  of 
bioplasm  had  been  destroyed,    e.  Thick  layers  of  formed  material,  tbc 
whole  of  which  were  at  one  lime  in  the  state  of  bioplasm.    /.  Secoojiiy 
deposits  commencing  to  appear  amongst  the  bioplasm,  as  occurs  ta  the 
case  when  fatty  matter  is  precipitated  amongst  the  bt<^)Usm  of  the  &i 
ve&icle.    Fat  and  other  kinds  of  foriaed  material  appcarir^  in  a  maavt 
bioplasm  result  from  the  death  of  particles  of  bioplasm  iiselC    The  bt 
is  one  among  several  substances  resulting  from  the  death  of  blOfihiaL 
Some  of  these  are  removed,  but  the  fat  remains,    g.  A  furtba  sti^t/ 
the  same  process.     A  large  fat  globule  b  now  furmcil.     A.  Scfente 
massea  of  secondary  de]K>sits,  such  as  result  in  starch-holding  ceIU,fiir 
instance:     i.   Deposition  of  formed  material  or  secondary  deposit  ■ 
successive  layers  un  the  inner  surface  of  the  original  capeule.     Spam 
or  imer\-als  in  which  currents  are  continually  setting  towards  and  fn» 
the  bioplasm  during  its  life,  are  left  during  the  deposition  of  the  lomed 
material.     In  this  way  a  starlike  arrangement  of  \30ks  results,     t.  Bfr 
plasm,  around  and  formed  from  which  is  formed  material,  gruiuiir 
its  character.     The  particles  of  this  fomicd  material  arc  gradu.illy 
resolved  into  several  substances,  as  occurs  in  the  elemenlarj*  ports  of 
liver  (liver  cells).    /.  Formation  of  fibres  from  bioplasm,    m.  BtDjilasm 
belonging  to  and  taking  part  in  the  formation  of  the  walls  of  a  tnlK. 

asa.  PalM  r«ll«  can  be  made  in  many  ways,  and  some  of  tlioeiO 
closely  resemble  certain  natural  cells  that  it  would  be  difficult  or  inpO^* 
sible  from  mere  microscopic  examination  to  distinguish  one  (rotu  iIk 
other.  A  number  of  observcre  from  this  fact  have  been  crrocieoust^  led 
to  conclude  thai  the  cells  formed  in  the  living  I>ody  are  pro«lu<-cd  iothe 
same  way  as  these  false  or  artificial  cells.  Many  strange  and  fanciful  cue- 
jectures  of  this  sort  have  of  late  received  considerable  support,  and  sooe 
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t^m  have  been  adranccd  in  fjiv-our  of  the  dogma  btcl)'  forced  into 
iderable  notoriety  that  the  formation  of  all  living  things  is  due  to 
,idU  and  chcmica]  operations  only,  and  that  the  actions  of  all  living 
^  are  mechanical. 
%   is  most  remarkable  that  in  these  d.iys  any  jwrson?  can  be  found 

■vrill  vnsie  their  iJme  in  attempting  to  prove  that  the  "cells"  of 
to  the  textures  of  living  beings  are  made  u]>,  arc  formed  by  physico- 
tiical  a])Cnitiuns  alone.  The  va{;ue  general  assertions  which  have 
k  been  repeated,  have  been  refuted  over  and  over  again,  and  yet 
y  roost  confident  persons  continue  to  repeat  the  absurd  blunders  of 
physiccHrhcmical  visionaries  of  a  generation  long  sinrc  forROtlcn. 
Every  real  elementary  part  or  "  cell  "  in  nature  passes  through  certain 
ec  of  being,  and  not  one  of  any  kind  at  an  early  period  of  its  forma- 
exhibits  characters  which  entitle  it  to  be  called  a  cell.  The  advo- 
•s  of  the  physical  theory  altogether  ignore  the  scries  of  changes 
ch  occur  before  any  cell-furm  is  attained.  Because  they  can  nuke 
ficially  things  something  like  dead  cells,  they  infer  that  linng  cells 
produced  in  the  same  way,  forgetting  that  the  diaractcrs  of  the 
'anced  cell  have  only  been  gradually  acquired,  and  by  a  portion  of 
Uer  which  they  themselves  would  have  said  was  not  a  cell  at  alt 
«y  forget,  moreover,  that  the  material  out  of  which  their  cells  have 
en  made  has  the  same  composition  as  the  manufactured  cells  them- 
v«,  while  the  living  cell  is  made  out  of  material  differing  entirely  from 
in  composition.    They  take  a  little  fatty  albuminous  matter  and  add 

it  a  little  water,  and  when  they  see  under  the  microscope  globulir 
uses  separate,  they  ccy,  *'  See  bow  quickly  our  <W/i  can  be  made  out 

ingredients  which  we  can  easily  obtain."  But  the  cell  manufacturers 
lore  what  every  one  ought  to  know,  that  out  of  matter  in  which  neither 
nor  albumen,  nor  even  any  allied  substance,  can  be  detected,  a 
mite  mass  of  clear  transparent  living  bioplasm  can  take  up  certain 
iterials,  cause  the  elements  of  the&e  lo  separate,  and  then  rccombine 
ita  lo  form  albumen,  fatty  matters,  and  many  other  things, 
'  Tb«  £tcts  and  arguments  in  connection  with  this  quesuon  could  be 
isped  by  a  child  if  they  were  stated  fairly,  but  the  RLitemenis  made 
d  the  inferences  dniwn  in  many  of  our  elementary  text-books  concern- 
( ttU  formation  are  incorrect ;  and  some  of  them,  although  utterly 
tenable,  are  repeated  over  and  over  again  with  determined  pertinacity, 
le  fact  that  many  of  the  statements  used  in  favour  of  the  physico- 
niucal  fancies  should  be  received  at  all,  proves  that  most  readers  are 
aent  to  accept  conclusions  without  studying  or  analysing  the  facts 
>n  which  ihey  are  based. 

SHS.  or  ilic  Kutr1tl«n  and   Action  af  Tke  rlrmrniarr  part  or  CrII. 
[t  may  lie  interesting  in  this  pl.ice  to  consider  very  briefly  what  gwrs 

in  the  cell  or  elemeniaiy  part  during  life  when  "nutrition,"  Ukw 
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place.     Much  misconception  prevails  in  connection  with  this  subject, 
in  consequence  of  the  term  nutrition  having  been  somewhat  vaguely 
applied  to  the  process  by  which  the  increase  of  the  whole  body,  or  i 
limb,  or  an  organ,  or  a  great  part  of  a  tissue  is  provided  for.     But  hat 
I  shall  restrict  myself  to  the  consideration  of  the  exact  phenomew 
which  occur  when  a  single  elementary  part  or  cell  is  nourished.    It  is 
generally  supposed  that  when  a  tissue  grows,  certain  matters  existing  ia 
the  blood  pass  from  that  fluid,  undergo  change,  and  are  directly  added 
to  the  tissue.     In  the  nutrition  of  such  a  tissue  as  cartilage,  it  has  beto 
concluded  that  the  matrbc  or  intercellular  substance  is  deposited  diredlj 
from  the  blood,  and  that  the  masses  of  bioplasm  or  cells  take  no  actire 
part  in  the  formation  of  the  so-called  matrix  or  intercellular  substanct 
But  cartilage  matrix  does  not  exist  in  a  state  of  solution  in  the  blood, 
and  therefore  it  is  incumbent  upon  those  who  hold  the  doctrine  aboT^ 
menrioned  to  explain  by  what  means  the  pabulum  becomes  altered  is  it 
passes  through  the  walls  of  the  vessels,  and  how  it  is  changed  in  its 
composition,  and  acquires  the  properties  of  the  cartilaginous  texture 
which  lies  in  the  intervals  between  the  masses  of  bioplasm.     It  is  quitt 
certain  that  nothing  like  cartilage  is  to  be  detected  already  formed  intbe 
blood ;  and  indeed  those  who  teach  that  the  process  of  nutrition  is  oC~ 
the  nature  above  indicated,  are  driven  to  attribute  mysterious  trufr— 
forming  powers  either  to  the  lifeless  vascular  walls,  or  to  the  equally  life- 
less tissue  itself     One  might  as  well  attribute  transforming  poweis  to 
lifeless  wood,  or  glass,  or  stone  as  to  fibrous  tissue,  cartilage,  bone,  ^ 

It  will    have   been    observed   that  according  to  the  views  I  har^ 
advanced  the  changing  transforming  powers  reside  in  the  6i£>/>/asm  alon^- 
The  facts  brought  forward  by  me  in  1861,  concerning  the  nature  of  ik^ 
bioplasm  or  germinal  matter  have  not  been  overthrown.     I  have  endeai-' 
voured  to  show,  not  that  the  bioplasm  acts  upon  matter  which  passes  l»3 
it,  and  so  changes  it  without  undergoing  change  itself,  but  that  lhebicL»- 
plasm  itself  changes,  and  that  every  kind  of  formed  material  and  tissm-  < 
must  pass  through  the  condition  of  bioplasm  if  tissue  is  to  be  producec^9i 
and  that  therefore  in  the  formation  of  fibrous  tissue,  cartilage,  &c,  d^*-  ' 
order  of  change  is  this : — Pabulum  from   the  blood  is-  taken  up  l^"-  1 
bioplasm,  and  certain  of  its  elements  become  bioplasm,  which  in 
turn  is  gradually  resolved  into  formed  material,  and  thus  every  kind 
cell-wall,  tissue,  matrix,  or  intercellular  substance,  &c.,  is  produced. 

Tiic  existence  of  bioplasm  before  the  production  of  foraud  matiriar'  i 
the  conlinuity  of  the  bioplasm  with  the  formed  material  in  tissues  in  proccES^^ 
of  duvelopment ;  the  fact  that  no  case  is  known  in  which  formed  mattti*-r^* 
is  produced  without  bioplasm  ;  and  the  demonstration  that  fluids  will  pa^i-^ 
through  a  comparatively  thick  layer  of  formed  material,  and  reach  /*=^ 
bioplasm  in  the  course  of  a  few  seconds, — necessarily  forced  upon  me  th^^ 
conviction  that  p3.b\ilum  invariably  passes  to  the  bioplasm,  and  that  it. 
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east  some  of  its  constituents,  undergo  conversion  into  this  living 
nee ;  that  from  the  already  existing  bioplasm  the  new  matter 
es  properties  and  powers  which  the  matter  alone  did  not  possess. 
;  same  time  other  and  older  portions  of  the  bioplasm  lose  their 
powers,  die,  and  undergo  conversion  inio  formed  material. 
that  in  every  case  of  nutrition  pabulum  invariably  becomes  bio- 
and  the  bioplasm,  not  the  pabulum,  is  converted  into  formed 
al.  I  have  been  accustomed  to  state  these  facts  as  follows : — 
;  the  bioplasm,  which  in  all  cases  is  derived  from  pre-existing 
im,  a,  the  pabulum  b,  and  the  formed  material  resulting  from 
;s  in  the  bioplasm  e, — I  say  b  becomes  a,  and  a  becomes  converted 
but  b  can  never  be  converted  into  c  except  by  the  agency,  and,  in 
^  passing  through  the  condition,  of  a,  figs.  i6,  23,  pi.  LXXXII, 

far,  then,  the  process  of  nutrition  differs  absolutely  from  every 
s  going  on  in  the  non-living  world,  inasmuch  as  pabulum 
lass  into  living  bioplasm  to  become  living,  and  formed  matter 
lave  once  been  in  the  living  state.  Kvery  particle  of  formed 
il  or  tissue  which,  in  many  cases,  constitutes  the  chief  increase  in 

and  bulk  during  growth,  has  passed  through  the  state  of  bioplasm. 
Tmation  of  this  bioplasm  from  the  pabulum  is  the  important  part 

nutritive  process  and  takes  place  alone  in  linng  beings.     Similar 

IS  occur  in  the  nutrition  of  the  simplest  as  well  as  most  complex 

creatures. 

nutrition,  as  it  occurs  in  man  and  the  higher  animals,  the  food 

iced  into  the  stomach  becomes  dissolved,  and  the  solution  is 

up  by  the  bioplasm  of  the  villi,  the  chyle  corpuscles,  and  the 

ess  blood  corpuscles.   Changes  occur  in  these  masses  of  bioplasm, 

e  products  resulting  form  the  pabulum  for  the  bioplasm  which 

(art  in  the  formation  of  the  various  textures. 

,s  implied  in  some  of  the  text-books  that  the  action  of  cells  is  due 

physical  and  chemical  properties  of  the  compounds  of  which 
■e  made  up.  This  view,  though  widely  taught,  is  opposed,  as  has 
hown,  to  facts  that  are  known,  and  is  indeed  quite  unjustifiable  as 
ral  statement  of  what  goes  on  in  cells  or  elementary  parts.  It  is 
€  outer  portion  of  the  formed  material  of  the  cell  which  is  the  seat 
sical  and  chemical  change.  It  is  here  that  the  oxygen  combines 
le  elements  of  unstable  compounds.  New  substances,  which  often 
ute  the  "  secretion  "  of  the  cell,  are  formed.  It  will  be  observed 
Ithough  mere  chemical  change  occurs,  the  material  which  is 
;d  is  first  fornud  through  the  agency  of  the  bioplasm  as  has  been 
'  explained ;  and  this  formation  is  a  part  of  the  phenomena  of 
:  which  cannot  be  ignored  without  misrepresenting  the  whole 
of  the  cell  and  the  changes  which  take  place  in  it   The  statement. 
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has  been  generally  accepted  that  oxygen  is  necessaij  to  life,    hi  b 
fact  the  principal  demand  for  oxygen  in  living  beings  aris«  frooibt 
necessit)-  for  chemical  change  and  datntction  cf  matrriai  tphith  iijfmd 
during  the  vttai  chan^  occurring  in  ike  bio^asm,  but  which  eoutd  'rt^ 
before  the  action  of  the  oxygen  began.     Oxygen  acts  prindially  H« 
the  surface  of  cells,  that  is,  upon  the  oldest  pan  of  the  formed  tutciiL 
rather  than  upon  the  bioplasm  eml>edded  in  iL   It  seems  that  the  fonacA 
maierial  is  prevented  from  accumulating  round  the  bioplasm  of  mar 
cells  by  external  agencies,  among  which  the  oxydising  action  of  o^jpB 
is  the  most  important     In  this  way  the  formed  material  becomo^ 
solved  into  more  soluble  substances,  which  are  at  once  removed,    l^'dt 
it  not  for  the  disintegration  and  removal  of  the  fomicd  mamilL  il* 
passage  of  pabulum  through  it  and  its  access  to  the  iHopIasm  wouIJk 
greatly  interfered  with  or  prevented.     Moreover,  it  is  probable  ihalifce 
action  exerted  by  the  oxygen  which  reaches  the  bioplasm  is  upon  nuW 
susjwndcd  or  dissolved   in  the  fluid  between  the  minute  pattidet  <l 
bioplasm  or  living  matter.     Oxygen  acts  upon  the  Ufdtss  maiUril'^ 
cell     It  does  not  suppert  life  directly,  but  is  necessary  to  the  conli» 
ance  of  life,  because  it  alone  can  convert  the  products  of  death  tA 
decay    into  soluble  substances,    which  can  be  easily   removed.    Flj 
21,  pi.  LXXXIt,  p.  3QO,  will  give  some  idea  of  the  movements  of  AbA 
which  occur  in  the  cell  durir^  the  changes  above  referred  ta 

A  cell  may  undergo  the  most  active  change  without  alicrit^  ia«t 
The  absort}tion  of  [labulum  and  the  production  of  new  bioplasm  cn^ 
be  compensated  by  the  conversion  of  the  latter  into  formed  matcriaL* 
the  old  formed  material  becomes  oxydised  and  removed  from  thc«l 

Sll«'.  or  me  ?fuarc   ef   "  irrltatlaa  "   antf    "  lallamauitlMi.''' 
must  now  make  a  few  remarks  concerning  the  wonderful  eflo  i- 
ensue  from  a  change  of  the  ciicumstances  under  which  the  "' 
placed.     Suppose  the  hard  formed  material  which  interferes  ■iiii  tii« 
access  of  pabulum  to  the  bioplasm  of  a  cell  to  be  ruptured,  or  wfttD^ 
by  the  action  of  fluids,  so  that  pabitUim  will  more  readily  cocDe  nV 
contact  with  the  bioplasm — what  happens?    The  latter  will  imiw^ 
very  fast.     It  will  absorb  the  nutrient  matter,  and  may  even  take  u|t  th* 
softcne<l  and  altered  formed  matter,  which  was  itself  produced  ftco** 
bioplasm  01  an  earlier  period.    These  stages  ore  teen  in  pL  LXXXII* 
p.  390,  figs.  7,  8.     In  fig.  9,  the  original  mass  has  divided  into  se»o»*» 
and   in  fig.    10  these  ore  seen  after  they  have  escaped.     Being  00^ 
freely  supplied  with  pabulum,  in  conseijuence  of  the  absence  of  ifc* 
thick  layer  of  formed  material  upon  their  surface,  as  in  figs,  1  ^ 
6,  ihcy  grow  and  multiply  rapidly.    These  changes  are  coiuideMi  t^ 
result   from  what  is  called  "iiriLition,"  and  to  constitute  the  cssn**' 
phenckQKna  of  "inflammation."     In  what  b  known  as  mxfcfliw, tl* 
obeer^Ki  f(^u^  ^**^  i<^  xsaxA  the  (act  that  the  access  of  pobuhtDi  to  tn* 
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of  the  cell  b  faciliuied,  for  U  not  the  protective  external 
if  formed  material  invariably  removed  or  rendered  more  pcr- 
y  chemical  or  mechanical  means  whctKver  "  irritation  "  or 
wion  "  is  said  to  exist  ?  Stich  is,  I  belie>-c,  the  action  of  the 
iicinical  and  mechantoil  "  irritaniii.''  Sa  a  lecture  on  "  First 
"  "Dublin  Medical  Press,"  1S63.  I  think,  therefore,  that 
Dol  to  employ  the  term  irritation  as  applied  to  individual 
r  and  would  restrict  Its  use  to  those  cases  only  in  which  nerves 

centres  are  concerned.  Although  all  medical  writers  have 
I  this  word,  no  one  has  explained  exactly  what  he  means  by  it 
bove  view  is  caj>uble  of  wider  application.  Heat  acts  as  a 
"  to  ihc  development  of  the  embryo  chick,  simply  by  facili- 
amtss  of  pabulum  to  tlu  hiafilium  0/  th€  /wing  auhryp.  The 
tot  hteome  the  Up,  for  the  lift  is  there  ;  but  it  is  simply  one  of 
tions  necessary  for  the  manifestation  of  this  mysterious  active 
d  for  its  common itation  to  particles  of  non-living  matter 
itliin  the  sphere  of  its  activity.  Without  the  influence  of  hcat^ 
lun  cannot  get  through  the  formed  materia!  to  the  already 
tlasm;  but  as  formed  material  is  expanded,  and  the  [>ermeating 

of  the  surrounding  nutrient  fluids  increased  by  heat,  the 
»mcs  rapidly  into  contact  witli  the  living  particles,  and  these 
ate  to  it  the  same  wonderful  power  they  already  possess. 

or   VITALITY    OR    VITAL    POWER. 

►f  tife.— The  formation  of  the  various  structures  and  peculiar 
Cicrisiir  substances  in  living  beings  can  only  be  explained  if  the 
of  some  force  or  power  of  a  different  order,  and  belonging  to 
:  category  from  all  other  forces  or  powers  influencing  non- 
ler,  be  poslulaleA     To  some  persons,  speculations  concerning 

of  life  will  seem  out  of  i)1qcc  in  a  work  like  the  present,  but 
(Imit  that  spccuUition  on  the  nature  of  things  is  the  prerogative 
its  only,  and  I  tliink  that  any  one  who  has  carefully  studied 
imena  of  living  beings  is  likely  to  know  more  about  life  than 
fcstigates  the  inanimate  only.     The  vital  processes  of  ^nytt-tk, 

and  muffipUfafutn  are  peculiar  lo  living  beings.     There  is 

tc  these  processes  in  the  non-living  world,  and  they  never 
tss  bioplasm  with  its  man-ellous  vital  power  is  present.  The 
kterial  may  be  regarded  as  a  product  resulting  from  the  in- 
)on  matter  of  internal  ritai,  and  subsequently  of  extcnul 
irces.  Its  properties  are  due  partly  to  the  changes  occurring 
tter  when  in  the  living  state,  [Kirtly  to  the  external  conditions 

icD  the  matter  passes  from  tlie  living  states  that  is,  at  the 

its  death. 
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I  have  tried  my  utmost  to  account  for  the  changes  which  take  place 
in  the  Uving  matter,  as  far  as  these  can  be  ascertained  by  microscope^ 
observation,  by  physics  and  chemistry,  but,  like  all  who  have  hitheita 
attempted  to  explain  vital  phenomena  in  this  way,  have  signally  bSti 
I  have  listened  attentively  to  the  various  assertions  made  and  repeited 
by  Dr.  Tyndall  and  others,  concerning  the  physics  of  living  beings,  and 
have  publicly  requested  Dr.  Tyndall  to  explain  what  he  means  hj  the 
assertion  that  "man  is  a  machine,"  and  that  all  his  actions  are 
chanical,  but  a  contemptuous  allusion  to  the  principles  of  the  i: 
tion  in  which  I  have  worked  is  the  only  notice  he  takes.     The  piihiir-    — 

desires  to  be  taught  that  "  man  is  a  machine,"  and  Dr.  Tyndall  accord 

ingly  teaches  this  and  a  number  of  other  very  curious  things  concernit^^^ 
the  nature  and  actions  of  living  beings  which  he  has  discovered  in 
imagination,  and  the  &cts  in  support  of  which  are  to  be  discovered 
observers  about  to  be.     Notwithstanding  all  the  confident  assertions,  t1 
prophecies,  and  the  discernments  of  popular  teachers,  the  reader  mns^K; 
bear  in  mind  that  to  this  day  not   one  single  vital  action  has  beeEr% 
explained  or  accounted   for,  or  imitated  in  any  form  of  non-livin^» 
matter.     The  most  absurd  comparisons  have  been  made  for  the  puipoK^ 
of  supporting  the  ridiculous  proposition   that  living    beings  closet-^ 
resemble  non-living  machines.     Over  and  over  again  cells  have  bee^ 
compared  with  laboratories,  but  the  chemist  in  these  cell  laboratories  hsha 
been  ignored  ;  and  with  machines,  the  constructer  of  which,  as  well  as 
the  engineer  and  manager,  has  been  entirely  left  out  of  consideration. 
Remembering  Helmholtz's  grim  complaints  about  the  imperfections  of  the 
eye,  and  the  failings  and  faults  of  its  constructer,  it  is  pleasant  to  notice 
that  more  reasonable  and  more  tenable  views  are  now  entertained  with 
regard  to  the  most  important  part  of  that  organ.     Ktihne  well  observes 
that  so  long  as  it  is  maintained  in  its  natural  connexions  with  this  epi- 
thelium (choroidal  epithelium  in  which  the  rods  are  embedded),  "  the 
retina  resembles  not  so  much  a  photographic  plate  as  a  whok  phet^f- 
graphic  workshop,  in    which  the    operator,  by  bringing  new  sensitiv« 
material,  is  always  renewing  the  plates,  and  at  the  same  time  washin-g 
out  the  old  image."    ("The  Photochemistry  of  the  Retina  and  onVisiLaU 
Purple,"  by  Dr.  D.  Kuhne,  edited  with  notes  by  Michael  Foster,  M.O-, 
F.R.S.).     I  quite  agree  with  my  friend,  and  would  remark  that  lI-»« 
comparison  will  apply  not  only  to  the  retina  as  a  whole,  but  to  ever^ 
complete   anatomical  element  of  which   it  is  made  up,    and  also  t«» 
multitudes  of  living  anatomical  elements  which  are  not  retinal.     1  coir»- 
mend  this  to  the  consideration  of  the  materialists  and  to  those  imaginativ^«- 
physicists  who  evolve  machines  from  their  understanding  and  straight- 
way declare  that  such  products  of  evolution  actually  exist  in  nature. 

Whatever  may  be  done  in  the  time  to  come  it  is  certain  that  at  tJif* 
time  the  facts  of  living  beings  can  only  be  explained  if  we  assume  th^ 
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■ation  of  some  peculiar  force  or  power  which  in  its  essential  nature  is 
inct  from  every  form  of  energy  and  all  known  physical  forces.  The 
i  of  the  case  teach  us  that  a  peculiar  agency  or  force  compels 
ter  to  assume  temporarily  the  peculiar  state  characteristic  of  all 
)bsm  or  living  matter,  but  of  living  matter  alone.     I  venture  to  call 

vital  power.    Although  in  the  present  state  of  our  knowledge  we 

perhaps  form  no  positive  conception  of  the  real  nature  of  this 
derful  power,  any  more  than  can  be  formed  of  the  nature  of  gravi- 
m,  heat,  or  electricity — by  studying  the  phenomena  we  discover 
it  is  impossible  to  accept  the  view  now  very  prevalent  that  vital 
;r  is  but  a  peculiar  mode  or  form  of  ordinary  force,  or  corresponds 
hat  we  call  the  peculiar  property  of  each  different  inorganic  sub- 
re,  by  virtue  of  which  it  exhibits  a  constant  crystalline  form,  a 
lite  sfieciiic  gravity,  manifests  a  certain  characteristic  behaviour 
rds  other  substances,  &a  Vital  power,  it  is  true,  is  only  mani- 
d  under  certain  conditions  which  are  fixed  and  definite,  and  are 

different  for  different  living  beings ;  but  how  can  this  vital  power 

result  of  the  influence  of  conditions  on  inorganic  matter,  seeing  that 
natter  was  alive  before  it  was  exposed  to  the  conditions  in  question  ? 
are  unacquainted  with  all  the  conditions  absolutely  necessary  to 

but  it  is  certain  that  external  conditions  might  persist  for  any 
»d  without  any  form  of  life  whatever  being  necessarily  evolved, 
tome  will  say, — vital  power  must  be  another  mode  or  form  of 
lary  motion,  because  there  is  nothing  else  in  nature  that  it  can  be ! 
:e  is,  it  has  been  affirmed,  but  one  power  capable  of  giving  rise  tO' 
phenomena  we  term  vital,  and  this  is  force  of  some  kind  or  other, 
thb  is  begging  the  question  at  issue,  and  it  is  a  mere  assertion  not 
rnonstrated  truth  to  affirm  that  all  the  forces  operating  in  nature 
3Ut  different  modes  or  forms  of  that  which  has  been  called  primary 
gy  or  motion.  It  is  hardly  yet  proved  that  all  the  forces  now 
gnised  are  mutually  convertible.  It  is  not  known  how  many  diverse 
IS  or  modes  simple  primary  energy  or  motion  may  put  on,  but  it  is 
lin  that  many  phenomena  familiar  to  us,  notably  the  operations  of 
xind,  cannot  be  explained  by  what  we  yet  know  concerning  the 
ss  and  properties  of  matter.  On  what  grounds  then  can  any  one 
n  that  there  is  no  power  in  nature  capable  of  giving  rise  to  vital 
lomena  except  a  form  of  force  ?  There  is  nothing  whatever  in 
ice  which  affords  the  least  excuse  for  the  presumptuous  dogmatising 
:h  has  been  encouraged  by  the  public  for  years  past  in  connexion 
4.  this  all-important  matter,  and  it  is  a  disgrace  to  public  intelligence 

the  reckless  attempts  to  carry  us  back  to  a  degraded  form  of  the 
.osophy  of  Lucretius  have  not  been  decidedly  and  publicly  con- 
3ned. 

How  can  vita!  power  represent  or  correspond   to   any   properties 


nunirested  by  ordmar)*  inanimate  bodies,  seeing  that  it  is  capable  of 
being  transferred  from  complex  panide  to  panicle  ?    MoreovL-r,  iloa 
not  vital  (lovrcr  control  the  manifostarion  of  ordinary  force,  and,  bcsda, 
give  rise  to  tlic  fonnaiion  of  certain  coiii{)Ounds  and  structures  whidiue 
destined  to  come  into  use,  not  as  soon  as  they  are  formed,  or  sooa  ako^ 
but  at  some  ^ture  time?    A  fully  formed  organ  is  not  first  reptesenleiL 
by  a  micrasi:oi)ic  germ  of  precisely  similar   structure,  but  by  a  bbuk 
without  structure  at  all,  and  the  fully  formed  tissues  arc  preceded  )tf 
the  production  of  several  le^  elaborate  structures.     Where,  it  ma;  be 
asked,  is  to  be  discovered,  the  machine  or  non-living  apparatus  wfuch  it 
developed  in  this  way?     "Vital  power"  governs  not  only  the  pnaent 
changes  which  present  matter  is  to  undergo,  but  somehow  pfovtd<a,« 
it  were,  in  advance,  for  the  carrj-ing  out  of  changes  which  arc  to  acm 
at  a  future  time  in  other  matter.     Hie  formation  of  structures  is  pR- 
pared  for  long  before  the  romjKJunds  arc  produced  out  of  which  ihoM 
structures  can  alone  be  made.     While  ordinary  force  seems  bt  tiie 
most  part  to  affect  masses  from  the  surface,  Wtal  power  acts  froia  tk 
very  centre  of  the  most  minute  panicles— new  power  as  it  were  ewf 
springing  up  annv  in  the  trntrt  of  parlitUt  of  matter  already  vndtr  At 
influence  if  vital  power.     While  ordinary  force  may  change  its  fvnn,il 
cannot  ct-asc  or  be  annihilated  ;  but  there  is  no  evidence  to  shovthU 
vital  poA-er  changes  its  form,  while,  as  tar  as  is  known,  it  docs  cux 
to  influence  matter  though  it  may  not  be  annihilated.    There  ts  no 
e^ndcnre  whatever  in  favour  of  the  viev.    that  vital  jmwcr  can  toM5eijO 
conversion  into  any  other  kind  of  power  or  force.     No  one  has  f<* 
proved  that  when  living  matter  dies  the  vital  power  changes  its  fDtflU 
and  becomes  convened  into  any  kind  of  force  which  is  set  free ;  an*' 
although  it  has  been  assened  that  more  force  is  taken  up  in  the  fonv*' 
don  of  a  brain-cell  of  a  man  than  in  the  formation  of  a  vast  tiuaniity  <^ 
vegetable  tissue,  there  is  no  evidence  in  favour  of  such  a  hypothesis.     1* 
is  but  an  authoritative  dictum. 

Numerous  facts  and  arguments  thus  seem  i^trongly  in  Cirour  of  tl»* 
view  th.^t  there  exists  in  relation  with  every  panicle  of  matter  ibat  ** 
alive  a  certain  power  characteristic  of  each  different  species  of  orpdW^*» 
and  derived  from  a  pre-existing  particle^  which  cKcrts  a  special  inAiKflC^ 
in  determining  ttie  composition  and  propentcs  of  the  substatKC  lltat  iit^ 
be  formed.     The  power  which  determines  the  change  which  the  ntttl^' 
is  to  undergo  resides  in,  or  at  any  rate  aHects,  the  biopla&m  of  the  c^ 
only.     And  we  conclude  that  this  power  is  not  of  the  nature  of  ordiwry 
force  because  there  is  no  example  of  ordinarj-   force  producinjj  txf 
effects  like  it,  or  exhibiting  any  analogy  with  force  phenomena  knwrtW 
us.,  and  we,  therefore,  attribute  these  effects  to  the  workii^  of  saBB 
power  which  exists,  but  which  bdongs  to  an  order  or  class  dtffereac  in'* 
any  that  will  include  forces  or  powers  whose  workings  are  known. 
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though,  as  was  to  be  expected  in  these  days  of  "positive"  know- 
^^cse  views  concerning  vital  power  have  met  with  contempt  and 
jBlon,  no  one  hits  yet  explained  in  any  more  satisiactoiy  manner 
bkcnomena  arttially  occurring  in  a  living  amoeba  or  mucus  corpuscle 
e  is  no  escape  from  the  confession  that  we  are  not  able  to  explain 
ttie  living  matter  moves  and  grows,  making  amoeba  maierial  rntt  of 
zx  totally  different  in  composition  and  properties.  It  is  said  to  be 
liloHjphical  to  attribute  the  phenomena  to  amteba  power,  or  amoeba 
:,  or  amoeba  Hfe,  but  as  long  as  wc  remain  ignor^mt  and  the  question 
ains  open,  surely  it  is  belter  to  attribute  the  phenomena  toa  power 
Know  nothing  nboitt  than  to  assert  that  they  arc  due  10  force,  or  to 
ling  forces.  Mr.  Iluxtey  scoffs  at  the  idea  of  vitality,, and  expects 
pie  to  believe  in  his  jelly-guiding  forces  and  Bathybius. 
An  attempt  at  explanation  Ijy  assuming  peculiar  power  m.iy  be  more 
ideting  as  well  as  more  bonesi,  inasmuch  as  it  is  a  confession  of 
knnce,  than  the  affirmation  that  ama>ba  phenomena  are  due  to  the 
ditions  under  which  the  matter  is  placed^  since  we  cannot  define 
;tiy  what  the  "conditions"  are,  or  to- amoeba-guiding  forces,  the 
^ts  of  the  supposed  guiding  forces  exhibiting  no  likeness  whatever 
jiy  known  effectS'  of  any  known  fonn  or  mode  of  ordinary  force. 

do  know  that  under  no  conditions  with  which  we  ore  acquainted 

■n  amoeba  result  cwrept  from  an  amujba,  or  ]iart  of  an  amteba,  its 

n  or  germ. 

ISut  in  order  tlut  those  who  read  these  words  may  clearly  understand 

points  which  have  influenced  my  judgment,  I  shall  now  try  to  state 

fiicts  of  the  case  more  explicitly,  and  I  hope  some  of  my  readers 

endeavour  to  obtain  from  my  opjxments  an  adequate  explanation  of 

^Kts  which  I  can  only  account  for  upon  the  vital  hypotliesis  I  have 

Miced. 

t  see  under  the  microscope  a  little  clear,  transparent,  structureless 

ter,  which  moves  in  vjirious  dircrtions.     Portions  of  ihc  mass  pro- 

at  different  points  around  its  circumference.    Some  of  these  are 
n  drawn  into  the  general  mass,  others  become  detacbed,  never  to 

again.    Each  separate  mass  grows,  or  takes  up  non-living  matter 
ind  it,  which  non-living  matter  or  certain  of  its  elt'ments  becomes 

and  parcel  of  the  growing  moving  mass.  The  matter  moves,  and 
ws,  and  divides,  and  forms ;  and  1  find  that  evei>'tbing  that  lives 
lists  of  matter  like  this,  manifesting  like  projierties. 
[  find  no  matter  in  nature  which  moves,  grows,  divides,  or  forms 
t  that  which  came  from  matter  which  did  all  these  things  before 
nd  therefore  I  call  alt  matter  which  does  all  these  things  firing,  and 
icr  which  does  not  do  these  things^whirh  does  not  exhibit  the 
[lomena  of  movement  in  all  directions,  growth,  divisifin,  and  forma- 
,  tum-iivTHg.     I  want  to  know  why  the  matter  grows,  moves,  divides, 
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and  forms.    I  am  told  that  all  this  depends  uiton/era,  and  that  /mr  b 
conditioned  in  the  cell  tuechantsm/M/Ztfi  it  is  in  the  machine. 

Then  I  urge  that  the  living  nmttei  came  from  linng  matter  I&e 
itself  which  lived  before  il,  and  this  frum  pnM;xisting  living  matta; 
while,  on  the  oihct  hand,  the  machine  was  not  derived  from  iLnotba 
machine,  which  oAcr  taking  to  itself  iron  and  wood,  c^r  their  clcmcMi, 
and  other  things  entering  into  it«  com[w«ilioo,  and  thos  for  «  tiiae 
incrensing  in  size,  at  length  divided  into  two  or  more  ncy  niachtnes. 

Snce  foroe  cannot  of  itself  ^t^nw  the  iitiiiplcit  possible  machine  or 
thing  adnpted  to  any  definite  end  or  purpose,  wh.it  right  have  «c  to 
assert,  contrary  to  all  analog)-,  that  force  ran  form  a  particle  of  living 
natter  which,  mass  for  ma&s  or  weight  for  weight,  a  far  more  poveiM 
than  any  machine  ever  made? 

Lastly,  35  every  machine  results  from  the  application  of  force  ifirtttaf 
by  human  mtelligence  and  human  will,  i*  it  pos«ble  that  the  dcmcntny 
part  which  forms  itself  and  pcri6Tn>s  of  itself  at  least  without  human 
interference  that  which  no  machine  has  ever  been  made  U)  do,  can  be 
/t^rmtd  by  uninielligenc,  pnrposeless,  designless  (orce  ?  Argument  &on 
analogy  is  no  longer  sustained  by  facts,  but  fancies  from  the  realm 
of  the  imagination  are  advanced  in  its  supijort  People  arc  bcwil 
and  not  a  few  deceived. 

For  even  sup[iosing  living  matter  to  be  formed  upon  the  fianie 
Ciples  and  to  act  in  obtdicntc  tu  tiic  saiue  laws  as  die  machine,  we 
surely  assume  thai  some  substitute  for  intelligence  and  will  tliiecteO 
the  application  of  the  force  by   which  each  atom  was  arranged  in  its 
I>ropcr  pUcc  according  to  the  work  which  had  to  be  perfonucd  and 
ihc  namrc  of  the  things  to  he  made — for  are  not  tfac  Kprings,  whcck. 
and  beams,  &c.,  of  a  machine  made  and  placed,  and  kept  in  the  pUcts 
designed  for  them,  by  force  directed  by  intelligence  and  will  ?     Unles 
thus  murJi  be  conceded  there  can  be  no  analogy  at  all  betwoeo  a 
ponion  of  living  matter  and  any  kind  of  machine,  and  if  ihii  be 
admitted,  is  it  not  curious  that  the  will  aitd  inielUgence  and  docctiaj 
|>ower,  admitted  to  be  nece^sury  in  the  conHlniclion  and  action  of  tbc 
ntachine,  should  be  denied  in  the  case  of  the  living  machine,  witlico) 
which  the  non-U\ing  machine  could  not  ba^-e  been  brought  Conh  ?    but 
it  must  be  further  remarked  here  that  it  is  a  great  mistake  to  catn})iR 
the  entire  organbm  of  nutn  or  animal  with  a  complete  acdw  woikii^ 
machine.    Ff  any  comjiarisun  at  all  is  justifiable,  it  is  each  individual  oiU 
or  each  minute  panicle  of  living  mattt:r  which  contains  as  it  wetewillni 
itself  dtretting  Jenifer,  and  matttr  lo  It  diraid  a»4  arran^rd,  whkli  nW 
be  com|>ared  with  the  complete  machine  in  actual  work,  tndudiaK  b 
superintendent. 

If  1  study  the  phenomena  of  a  machine  and   those  of  a  liviog 
organism,  J  6nd  that  although  the  results  of  the  working  of  the  tm 
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nuy  be  in  some  respects  siinilai,  the  means  by  wliich  the  results  are 
hraught  about  arc  totally  diffcicnt  in  the  two  cases;  and  If  ]  entjuire 
how  the  nuchine  was  made  and  how  the  active  organism  was  made,  i 
find  no  analog'  whatever  between  tlie  two  methods  of  genesis,  for  every 
nuchinc  is  made  in  sei>arale  pieces,  which  are  afterwards  put  together, 
and  every  orgajiism  results  from  changes  in  clear  transparent  structure- 
less lailter  which  cinnot  be  made,  ami  the  {tarticles  of  which  cannot  be 
put  together  so  as  to  form  an  apparatus  capable  oi  doing  anything.  In 
sfaort,  no  comparison  can  prcq>crly  be  made  between  any  form  of  machiiK 
and  any  living  organism. 

Having  regard  to  the  facts  as  we  know  them  to  be,  how,  I  ask,  can 
wc  escape  the  conclusion  that  the  |>rinciples  upon  which  living  matter 
grows  and  acts  arc  totally  distinct  from  those  upon  which  machines  are 
constructed  and  work  ? 

But  we  are  told  that  non-living  matter  which  never  manifests  pheno- 
mena like  those  exhibited  by  every  particle  of  living  matter,  passes  by 
imperceptible  gradations  into  thli  last.  Yet  no  one  has  adduced 
examples  of  matter  exhibiting  the  supposed  gradations,  and  the  assertion, 
like  many  other  assertions  of  the  same  tendency,  is  a  mere  dictum  with- 
out the  slightest  foundation  in  facL  The  gulf  which  separates  the 
fimplcsl  living  monad  from  man  is  as  nothing  compared  with  that  which 
iuieivcnes  between  the  highest  and  most  complex  form  of  non-living 
iDftlter  and  the  simplest  living  particle.  Instead  of  a  gradation  there 
is  an  abrupt  line,  a  chasm  which  cannot  be  bridged  over — a  gulf  which 
becomes  wider  and  decjter  as  knowledge  increases.  In  truth,  the 
difference  is  inestimable,  immca.sumbte,  infinite. 

Scientific  dogmatism  prevails,  and  for  the  present  will  firevail,  and 
the  energetic  disciples  of  the  so-called  new  philosophy  are  encouraged 
and  ably  supported,  and  will  continue  to  assert  their  furmuin  in  spite  of 
&ctsand  reason.  "The  sun /orms  the  musuk — the  sun  (^w/Vi/*  the  nerve." 
"  The  living  force-conditioning  machine  is  formed  by  force. "  "  The  lining 
cdl  is  ft  laboratory."  Authorities  less  confident,  and  somewhat  more 
aiutiaus.  unwilling  to  irmnediatcly  subscribe  to  these  bold  doctiincs,  or 
commit  themselves  to  such  positive  professions,  reiterate  the  assertion 
that  ere  long  new  facts  will  be  discovered,  and  then  the  truth  of  such 
and  such  wnnderful  generalisations  recently  expounded  to  an  expectant 
¥Kirld  will  be  indubitably  established  on  a  secure  basis.  As  if,  where 
real  knowledge  is  defective,  an)thing  save  individual  notoriety  of  the 
most  c\'anesccQt  kind  is  to  be  gained  by  any  one  putting  himself  for- 
ward as  the  only  teal  and  true  prophet  among  scientific  setrs.  The 
I>ro«css  shown  by  "positive"  knight-crrants  in  assaulting  the  "fictitious 
entities  "  which  have  so  long  and  cruelly  tryannised  over  the  innocent 
atvd  thoughtful  must  be  admitted,  and  the  disinterested  longing  exhibited 
by  some  of  them  to  emanci|iate  the  human  understanding  from  the 

lot 
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tyranny  of  imaginary  poveis  which  have  so  lor^  enchained  it,  is  indeed 
much  admired.  But  are  not  these  same  deliverers,  who  exultingly  snap 
the  gossamer  chains  spun  round  us  in  the  past  by  the  fictitious  entities 
and  imaginary  forces,  ready  to  deHver  us  to  be  bound  hand  and  foot 
with  the  heavy  fetters  forged  by  unimaginative  relentless  force,  to  be 
left  powerless  in  unfathomable  darkness  where  seeing,  feeling  thinld&g 
hoping,  will  be  of  no  avail  ? 

The  physico^:hemical  revivalists  have  only  added  to  the  confijaoB^ 
which  has  long  existed  in  men's  minds  concerning  the  nature  of  tb^ 
actions  going  on  in  living  beings,  and  in  spite  of  all  their  professet^^ 
care  and  exactness,  they  display  the  most  glaring  inconsistency  b^ 
denominating  phenomena,  which  are  essentially  the  same,  wCa/  »«- 
physical,  according  as  they  occur  in  a  living  organism  or  outside  it    iV 
change  taking  place  in  a  glass  vessel  on  the  laboratory  table  is  chemt^Z^ 
while  the  very  same  change  occurring  in  the  body  of  an  animal  is  to 
be  called  vital.     Now,  the  name  given  to  any  phenomenon  should  be 
determined  according  to  its  real  or  supposed  nature,  and  not  made  to 
depend  upon  the  locality  in  which  it  is  manifested.     It  would  be  as 
unreasonable  to  call  a  red  thing  blue  when  its  position  was  changed,  as 
to  call  a  phenomenon  electrical  or  chemical  if  it  was  manifested  npoa  a 
table,  and  vital  if  it  occurred  in  the  organism  of  a  living  animaL 

S8S.  or  LiTins  and  Dead. — It  will  have  been  noticed  that  the  word 
vital  has  been  applied  by  me  to  changes  and  actions  quite  distinct  bom, 
and  indeed  in  their  nature  opposed  to,  chemical,  physical,  &c,  and    I 
endeavour  to  define  the  precise  seat  of  vital  action,  and  to  draw   a 
sharp    line   between   vital  and   merely  physical   and  chemical  pheno- 
menx     The  terms  living  and  ^id  have  for  me  a  meaning  somewh^l 
difl'erent  from  that  commonly  accepted.     If  my  ailments  are  souxmI 
the  greater  part  of  the  body  of  an  adult  man  or  animal,  at  any  momen-K^ 
consists  of  matter  to  all  intents  and  purposes  as  dead  as  it  would  be  if 
the  individual  itself  were  deprived  of  life.     The  formed  material  of  tlm.« 
living  cell  is  dead.     The  only  part  of  the  living  elementary  part  or  cell* 
and  the  only  part  of  the  living  organism  which  is  alive,  is  the  biopbscKX- 
Nothing  can  be  regarded  as  alive  or  living  but  the  bioplasm  in  whicrl* 
vital  changes  alone  take  place.     The  phenomena  of  imbibition,  osmosi^t, 
&c.,  in  cells — even  the  contraction  of  muscles  and  the  action  of  nerved 
are  probably  in  themselves  physical  actions,  although  they  have  be^:** 
immediately  preceded  by,  and  are  probably  the  direct  consequence  o^» 
actions  purely  vital.    But  for  the  vital  phenomena,  these  physical  actiox** 
could  never  occur  in  the  precise  way  in  which  they  occur,  nor  effect  t*"»« 
purpose  they  actually  do  effect.     Were  it  not  for  vital  action,  osmose, 
muscular  contraction,  nerve  action,  &c.,  would  of  course  cease.    And 
having  once  ceased  these  actions  could  not  be  resumed  unless  the  con- 
ditions were  all  reinstituted  exactly  as  they  were  before.     The  fomked 
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iiat«rJnl  in  which  ph>'!uca]  and  cheniica]  changes  occur,  could  not  Imve 
been  formed  withuut  the  previous  manifestation  of  vital  phenomena. 
We  may  go  tKKkwanls  as  far  a»  we  can,  but  wc  sliall  always  find  vital 
ftctions  intinutely  concerned  in  bringing  about  the  condition  of  thintjs 
iMceaaaiy  fur  th^*  particular  physical  and  chemical  changes  which  sub- 
■equently  occur.  Of  course,  the  above  views  have  been  treated  with 
contempt  by  evolutionists  who  arc  confident  that  they  and  their  doctrines 
arc  not  only  the  fittest,  but  the  only  ones  fitted  to  survive.  In  ^hcse 
days  ut  implicit  iK-lief  in  continuous  and  uninterrupted  physicaJ  changes 
and  gradual  transitions  of  forms,  one  cxiiccts  little  mercy  and  asks  for 
none.  I  have  t>ut  to  dmw  attention  to  the  results  of  actual  observation, 
and  the  conclusions  based  thereupon. 

It  will  be  asked  whether  in  nutrition  the  lifeless  pabulum  stuft/m/y  or 
graJuaJiy  becomes  living  matter,  and  if  the  Utter  sudden!}'  dies,  and 
becomes  formed  material  it  is  generally  taught  that  the  elements  of  the 
farmer  ^Tt  gmduallyX-rnXx  up  to  form  the  tissue,  arul  that  the  living  body 
graduaUy  passes  into  the  condition  of  death.  All  that  I  have  been  able 
to  demonstrate  compels  me  to  hold  that  the  change  from  non-living  to 
living,  and  from  living  to  dead  is  sudden,  and  that  there  is  no  tronai- 
lioo  Slate  whatever, — that  matter  is  either  living  or  non-living,  and  no 
intenncdtatc  sute  is  possible.  The  bioplasm  itself  is  probably  not  in 
any  one  part  large  enough  to  be  measured,  entirely  living.  There  is 
matter  which  ha^  lived,  matter  living,  aitd  matter  wliich  is  about  to  live, 
bltt  I  imagine  that  the  very  instant  the  lifeless  atoms  come  within  the 
influence  of  the  vital  jwwer  of  a  living  panicle,  they  cease  to  be  lifeless 
and  live ;  aivd,  on  the  other  hand,  the  instant  external  conditions  inter* 
fere  with  the  continuance  of  the  changes  occurring  in  the  living  particle, 
it  <lies,  —its  atoms  rush  together  in  a  certain  way  to  form  a  deHnite  com- 
pound which  thus  suddenly  comes  into  existence,  and  may  remain  as  it 
was  formed,  or  continue  to  undergo  further  chemical  ctiange,  or  become 
resolved  into  a  number  of  new  conijiounds. 

The  old  idea  tliat  a  living  tbing  in  dying  gives  rise  to  a  new  life  has 
been  accepted  in  too  literal  a  sense,  and  like  many  of  the  most  vague 
Df  early  notions  concerning  tiie  nature  of  life  still  survives  in  philosophy 
humorously  characterised  by  its  disciples  as  advanced.  The  doctrine 
lis  even  considered  by  many  to  represent  the  exact  truth.  It  is  supposed 
that  licforc  a  plant  springs  from  the  seed,  the  latter  becomes  completely 
changed,  its  component  substances  di^tegmted,  and  their  elements  re- 
■mnged.  That  then  these  elements  become  combined  to  produce  new 
compounds  and  rearranged  to  devclojw  new  forms,  while  in  truth  the 
embryonic  living  matter  which  becomes  the  future  plant  exists  in  the 
Seed  from  the  first,  and  its  growth  from  first  to  la&t  proceeds  according 
10  the  same  principles.  So  for  from  admitting  that  a  new  being  can  spring 
from  the  products  resulting  from  the  decay  and  disintegration  of  one 
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existing  before  U,  this  is  absolutely  impossible  From  the  time  when  the 
seed  was  first  developed  in  connection  with  the  living  parent  plant  toAe 
time  when  it  becomes  or  gives  rise  to  a  perfect  living  organism,  living 
matter  and  of  a  particular  kind  has  not  ceased  to  exist  during  one 
moment  of  time.  However  dry  and  however  old  the  seed  may  be,  so 
long  as  it  continues  capable  of  germination  it  must  contain  living  matla 
The  cells  and  6bres  of  the  growing  plant  are  due  entirely  to  the  growth 
and  »u!tiplication  of  living  particles  which  were  derived  from  the  living 
matter  of  its  predecessor — not  to  the  rearrangement  of  elements  result- 
ing from  the  disintegration  of  any  mere  lifeless  compounds  enteiiog 
into  the  formation  of  the  seed  or  to  the  rearrangement  of  the  elements 
of  substances  resulting  by  the  death  of  any  pre-existing  living  thing. 
If  life  which  influences  matter  ceases  but  for  an  instant  it  can  nerer  be 
rekindled  in  that  particular  matter.  The  fact  of  continuity  in  vital 
manifestations  cannot  be  argued  away.  There  has  been  absolutely  no 
break  since  the  creation  of  living  matter,  and  the  new  origin  of  life- 
spontaneous  generation — is  as  improbable,  may  I  not  venture  to  say  as 
impossible,  as  is  the  formation  of  matter  anew. 

Any  theory  of  vitality  which  takes  cognizance  of  the  ordinary  tacts 
must  in  some  way  account  for  non-material  psychical  changes.    Mat^ 
rialism  simply  ignores  and  denies  what  is  obviously  true.     In  every 
particle  of  matter  that  is  actually  alive,  alteration  in  the  position  of 
molecules  and  in  the  arrangement  of  atoms  unquestionably  takes  place. 
The  materialist  confounds  the  fact  of  the  material  change  with  its  ause, 
and  argues  as  if  the  rolling  stone  rolled  of  its  own  accord.     The  particles 
of  matter  must  be  set  moving  and  be  kept  moving  in  their  appointed 
way.      Just  before  they  begin  to  move  the  cause  which  is  about  lo 
operate  upon  them  must  surely  exist     The  efhcient  cause  of  change 
must,  at  the  time  when  and  before  the  actual  change  begins,  be  there  %.<i 
operate,  just  as  the  disposition  of  circumstances  which  is  to  set  a  baJ 
rolling  must  exist  before  the  ball  begins  to  roll     The  force  or  pow^ 
which  causes  the  movement  of  the  material  particles  about  to  becoa:* 
living  exists  in  relation  with  matter  already  in  a  living  state. 


>r  TUB  STRDCTURE  OF  A  NERVOUS  APPARATUS  AS  DETERMLNKD  BV 
MICKOaCOVIC  IMVB8TICAT10M  WITU  TUE  AID  OP  THE  HIGHEST 
POWERS,  A.S'D  SUGGESTIONS  CONCEKNINC  THE  NATURE  O?  NERVE 
VORCK   AND   OF    UTND. 


In  this  depaitinent  of  minute  research  I  have  found  the  particular 
method  of  invesligalion  advocated  in  p.  566,  most  us(.'fuL  In  atudyin); 
the  uliinutle  anangemcnt  of  ncn-c  Hbrcs  and  cells  we  have  to  use  the 
highest  [lowers,  and  to  adopt  t})ti  must  delicate  methods  of  prcjiiaiation. 
The  tiDer  terminal  ramilicationsof  the  nerve  iibres  are  exiremel)'  delicate. 
[and  the  bodies  connected  with  them  undergo  rapid  change  after  death. 
It  is  probable  that  when  nioie  perfect  iiK-thods  of  preixication  shall  be 
i  devised,  and  still  higher  magnifying  i>owers  constructed  and  brought  to 
bear  upon  them,  many  important  questions  in  connection  with  the 
,  structure  and  action  of  nerve  will  be  set  at  rest  Our  views  concerning 
'  the  nature  of  nervous  action  will  be  necessarily  much  influenced  by  the 
[jpeoeral  notion  we  may  form  concerning;  the  origin  and  distribution  of 
^Doves.  At  this  present  time  there  is  the  greatest  disagreement  among 
I  authorities  CDOceming  fundamental  questions.  It  is  not  even  settled 
whether  nerves  terminate  in  ends  or  form  conlinuou!>  circuits.  It  is  not 
kno«'ii  wtiethet  the>'  influence  tissues  by  reason  of  Iheir  being  in  struc- 
tural continuity  with  them  or  merely  indirectly,  in  consequence  of 
currents  passing  along  the  nerve  fibres  situated  at  some  short  distance 
from  the  particles  of  tissue  to  be  influenced.  And  it  is  doubtful  whether 
the  influence  is  produced  by  the  passage  of  a  contintious  current  varying 
in  tnten.sicy,  or  by  an  interrupted  curreiiL  Nor  is  there  more  accord  as 
to  the  manner  of  origin  of  nerves  in  centres;  some  holding  that  the 
fibres  invariably  originate  in  cells,  others  that  some  celU  liave  no  fibres 
ai  all  connected  with  them.  And  of  those  who  admit  tiie  Qrst  proposi- 
tbn,  some  tliink  the  fibre  comes  from  the  body  of  the  cell,  others  trace 
it  to  the  nucleus,  while  some  profess  to  have  seen  it  emanating  from  the 
nucleolus.  Again,  concerning  the  tibTcii,  which  unquestionably  originate 
in  nerve  celK  >t  ha^  been  stated  that  some  pasa  into  nerve  fibres,  while 
othcn  have  no  special  relation  to  nerves  at  all.  But  it  would  occupy 
niach  more  space  than  it  would  be  advantageous  to  devote  to  it,  were  1 
to  jllempt  to  give  even  a  very  brief  summary  of  all  or  even  the  most 
"nportant  of  the  conflicting  opinions  now  entertained.  And  if  1  were 
'o  Jirnit  myself  to  any  one  organ  the  reader  would  be  equally  bewildered 
ty  t'»e  conflict  of  opinion,  and  by  the  niuldlude  of  assertions  which 
fitss  for  statements  of  fact  And  if  he  try  to  sift  the  evidence  adduced 
*  ^^v-^jur  of  the  views  propounded,  he  will  completely  fail,  because  they 
^  ^*xid  to  rest  upon  observation  which  for  the  most  part  be  will  find 
-If  unable  to  re|>eat. 
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Sftt.   Of  *trT  One  Virrre  PIrxuitv*  and  Nrtwarkn  af  Ttrrir  nbrM^ 

»«vn  undrr  rtrj  uigH  rmien, — Every  OTit  agrees  Ihat  itie  Ur^  atn 
ininlEs  .ire  in  many  instances  so  amngod  as  to  form  pIcxQscs  or  Dd 
works,  to  which   varicHis  naioes  have  been  assigned  by  aBatomiat 
accurdmg  to  their  posiiion,  general  form,  origin,  &c.;  but  it  was  Mippa»d 
that  ui  many  cases  nerves  pursued  an  almost  direct  course  trom  ihat 
plexuses  and  networks  to  their  ultimate  distnbution^  when:  aixonjtng  u 
some  they  tenuinate  in  free  extremities,  according  to  others  ending  ia 
tells,  -or  becoming  continuous  with  the  tcxlure  they  influence.    Mor 
careful  observation  has,  however,  demonstrated  that  all  nenres  btfgnr 
ihcy    reach   their   finest    ramihrations  form   micro»co|)ic   nelworb  « 
plexuses,  arranged  upon  the  same  plan  as  the  coarser  ones  ibm 
alluded  to  ;  and  I  have  been  able  to  demonstrate  that  the  finest  ram^ 
tioHs  themselves  constitute  pkxusn  errutrwrkt  in  wAteh  tkt  amfmak 
itUimatefibrts  are  arranged  in  much  the  iome  manner  as  ihe  tiarh-ttnhti 
fibra  altering  mio  tkt  JormeiiM  fjf  one «/~  the  ordmtuy  tomrtt  awakmntt 
plexuses. 

Careful  observatiuns  upon  the  anangcmcnt  of  paniculai  Mm 
plexuses  in  the  same  texture  ai  difTexeni  i>criuds  of  dcvclopmcm  hm 
convinced  me  that  the  uUimate  tfrminal  pUxus  of  the  embcyo  becDtM 
the  plexus  composed  of  coarser  fibres  of  the  io&nt  and  child,  and  ik 
plexus  m.ide  up  of  bundles  of  compound  fibres  of  the  adult  Nt* 
ultimate  nenv  plexuses  gradually  come  into  existence  as  the  connitnttt 
fibres  of  those  previously  formed  ^ruw  and  slowly  become  convenal 
into  thick  nerve  fibres.  That  a  continuous  development  of  new  arrrt 
fibres  takes  place  in  the  adult  is  rendered  almost  certain  by  (he  Cim 
demuustratcd  in  many  textures  of  man  aud  the  loim  animals.  IW 
arrangement  of  nerve  plexuses  one  remove  from  tbc  terminal  I'V"^- 
of  the  nerve  fibres  will  be  understood  by  reference  to  pL  I..\ 
figs.  I  and  2.  The  arrangement  is  the  same  as  regards  sympoiltdJi, 
and  spinal  motor  and  sensitive  nerve  fibres— cxceirf  that  in  the  asrof 
the  spinal  nerves  the  constituent  fibres  of  the  plexuses  one  oc  wxt 
removes  from  the  terminal  plexus  are  dark-bordered. 

Not  many  years  since,  numerous  observers  considered  that  no  fflw 
could  coTTcctly  be  termed  a  nej^t  _fibre  which  did  not  exhibit  the  doi* 
bordered  character,  and  many  real  nerve  ^res  were  regarded  w  AbM 
of  connective  tissue  But  since  1  demonstrated  the  very  fine  DOte 
fibres  in  many  difTereni  textures,  and  showed  that  In  all  cases  the  mllf 
active  peripheral  pan  of  the  nerve  was  the  terminal  plexus,  cuaijiiMil 
of  very  fine  compound  fibres  often  less  than  the  l-too,ocxith  of  an  itui 
in  diameter,  numerous  memoirs  hare  appeared  in  Germany  in  which  Ac 
authors  endeavour  to  prove  that  siill  finer  fibres  pass  off  from  whu  I 
luok  upon  as  the  terminal  plexuses,  and  end  or  terminsic  in  epiibclal 
cells.    Allusion  has  been  made  to  scmie  of  these  in  pp.  410,  415. 


INFLUENCE  OF  NERVES. 


409 


Pflitger  has  arrived  at.  the  conclusion  Diat  the  nerves  (Uslributed  to 

salivary  glands  end  by  exceedingly  Tuic  fiUnicnts  in  (he  epithelial 

lis   Of*  their  nuclei ;  but  I  do  not  think  that  in  this  organ  any  ticrve 

ibrc^  pass  beyond  the  surface  of  the  connective  tissue  upon  which  the 

:ling  cells  lie.     I  have  nc\'cr  been  able  lo  convince  rayself  that 

pass  to  lite  epithelial  cclb:  in  any  of  the  situatuins  irwlicated,  nor 

ha,v«    I  s^n  Any  ftreparations  at  all  conclusive.    On  the  other  hand» 

;re  are  many  (acts  opposed  to  this  view.     Upon  the  whole,  the  evi- 

tnce.  so  far,  Is  strongly  in  favour  of  terminal  networks  beneath  the 

>ltti«lium  of  such  tissues  as  mucous  membrane  atid  secreting  glands. 

infl   as  stcrriion  (the  production  of  peculiar  compounds  by  bioplasm 

:ncy  differing  entirely  from  the  materials  out  of  which  they  were 

mad^)  certainly  takes  place  in  many  cases  without   nervous  agency, 

I  much  stronger  evidence  than  any  yet  advanced  ought  lo  be  adduced 
before  the  cortclusion  that  nen-es  act  directly  upon  the  secreting  cell  b 
accepted. 
In  nil  cases  as  far  as  I  can  ascertain,  the  terminal  fibres  of  all  nerves 
are   homogeneous,  becoming  granular  in  the  jireparcd  si>ecim£ns,  and 
cxhtbitir^  nuclei  at  varying  intervals,  but  distributed  upon  precisely  the 
same  plan  as  the  coarser  networks.    As  fu  as  I  am  able  to  discover  by 
obscr\'ation.  there  is  not  such  a  thing  as  a  true  aid  to  any  nerve  &bre. 
I  must,  however,  admit  that  many  of  the  observations  which  have  been 
Lmade  in  Germany  during  the  last  few  years  are  opposed  to  my  view. 
BMemoir  after  memoir  has  been  published  for  the  purpose  of  proving 
«   that  nerves  exhibit  terminal  extremities  in  several  motor  and  sensitive 
^orj^ns.      As  investigation  protx'cds,   this  controversy   becomes  more 
^BiEeresting  and  exciting.    Although  my  op])oncnts  are  nuuiy  and  power- 
^«it,  the  facts  in  favour  of  my  own  view  are  now  very  numerous  and 
a.linost  every  new  investigation  1  attempt  enables  me  to  add  mure  10  the 
number.     My  conclusions  rest  upon  observations  made   upon  many 
tJiflerenl  tissues  and  organs  of  vertebrata  differing  widely  from  one 
another,  as  well  as  upon  those  of  numerous  invertebrate  animals.     I 
t^sB^mot  therefore  yield.     I  consider  that  numerous  specimens  I  have 
Lctc  fully  justify  mc  in  maintaining  the  general  proposition  that  in  all 
;a  the  terminal  distribution  of  ner^-es  b  a  plexus,  network,  or  loop, 
■^^<i    hence  that  in  connection  with  every  terminal  nervous  apjiaratus 
t§><sx-c  must  be  at  least  two  fibres,  anJ  UuU  in  all  cases  there  exist  tomplcit 
l^^'VM^ts  inte  the/ormatien  ef  whuh  tmtral  nerve  alls,  peripheral  nerve  ceils^ 
^f^*r^  nerve  fibres  enter.     Ail  these  elements  arc,  I  feel  confident,  con- 
^<^M.ous,  but  not  in  bioplasmic  coimcction  with  each  other.     I  propose 
»"'*•  to  illustrate  the  above  general  observations  by  one  or  two  examples, 
nl    I  shall  select  for  iihistraiion  particular  specimens  which  can  be 
sily  obtained,  so  th.it  others  may  examine  the  very  same  structures 
=^<i  compare  their  results  with  those  at  which  I  have  arrived. 
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30O.  Tfcr  nltlmntr  niatrlbatlnn  at  Motor  Xrma  »m  HbM^M  Ba  mm 
nndrr  trrr  Hii*  Powri*. — In  pL  LXXXIV,  \>.  408.  ilie  ultim.itc  amrge- 
mem  of  the  lincsi  ntn.'e  fibres  in  voluntary  muscle  is  rijprcienicd  umla 
the  i-35ih,  vhich  magnifies  tjoo  diameters.  Tht  ultimate  nerve  fibm 
form  nctwor]cs  around  th£  mu.scut.ir  fibres  outside  the  sarcolemnu.  An 
explanation  will  he  fourni  beneatli  tlie  dmwing,  so  that  it  is  Dot  oecor 
sary  to  enter  into  a  minute  description  m  the  text 

The  nerv'vs  distributed  to  the  muscultr  fibres  of  insects  are  tnoch 
finer  aiid  mure  delicate  than  ttiuM.-  present  in  vertebtnte  animals,  and 
thus  are  far  man  diDicult  to  investigate.  Many  writets  have  been  kd 
into  fundamental  errors  concerning  the  structure  and  arrangement  of 
neive  fibres  in  tliis  class  of  invcrtcbrata.  UTiat  really  is  a  conipoood 
nerve  fibre,  composed  of  %'ery  nuny  individual  fibres,  has  been  icguded 
as  a  single  nerve  fibre,  and  so  represented  tn  drawings.  Many  of  the 
bioplasts  or  nnclei  of  the  finer  nerve  fibres  have  been  entirely  paacd 
over.  Muscular  bioplasts  have  been  regarded  as  bodies,  in  which  toua- 
cular  nen-e  fibres  end.  A  plexus  formed  by  the  comjwund  nerve  mink 
at  the  point  where  it  reaches  the  sarcok-mma,  and  is  about  to  break 
up  and  siiread  over  the  surface  of  this  rnembtane,  pi.  IJtXXV,  hp. 
I,  X,  s,  has  been  regarded  as  the  tenuinal  portion  of  a  singU  oerve  fibre 
btpuaih  the  Barcolemroa  and  in  contact  with  the  mu&culai  liasuc*  In 
plates  LXXXV  and  UCXXVl  the  manner  in  which  very  fine  6cm 
fibres  are  distributed  uf>on  the  sarcolerama  of  insect  muscle  is  well  aeeft 
The  reader  should  refer  to  the  full  explanation  under  each  of  ib 
fiEUKS.  S^  also  paper  on  the  ''Structure  of  the  Saicolonm  of 
Insects,"  &c,  "  MJcroscopical  Journal"  for  July,  1S64. 

The  arrangement  of  the  ultimate  nerre  fibres  in  involuntary  or  ti» 
striped  muscular  fibre  will  be  understood  if  fig.  t,  pi.  LXXXVll,  be 
referred  to.     This  is  a  drawing  of  a  portion  of  the  bladder  of  tJic  jrog, 
in  which  the  finest  ramificationa  of  the  nerve  fibres  are  well  tetft 
These  nerve  fibres  form  bundles  and  networts,  having  wide  m-  '^-  " 
which  the  fine  muscular  fibres  lie.     Just  beneath  the  qiiihi 
well-prepared    specimens,  networks  of  delicate    fibres   probably  €!»■■ 
cerrted  in  sensation,  may  also  be  observed.     Of  the  mus<^uUr  fibres  {bm 
neprescnted  in  the  drawing)  some  arc  spindle-shaped,  while  othen  coo 
sist  of  three  fibres  radiating  from  a  triangular  central  portion,  fig.  $, 
pi.  LXXXVI.     It  is  obvious  from  the  arrangement  figured  that  the 
nerve  fibres  only  influence  the  contractile  fibre  itjdirectly,  for  they  are  aot 
anywhere  in  actual  amiaii  with  the  atntraftittg  material  f/  thi  fibrr,  dot 
in  any  case  can  an  end  organ  or  any  form  of  terminal  a^ptiratiu  t« 
detected,  nor  are  the  nerves  connected  with  the  nucleus  or  with  any  part 


*  UpoD  this  subject  see  "Controreny,"  Arehivn  of  Medicine.  vqL  IV,  p.  l(l, 
>  pa|>er  hjr  ^[r,  Cjcdgj^  of  Cambridge,  in  the  July  Dtunbvr  of  the  "  Mtcrmcopcd 
Joumil,"  1867. 
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:3te  muscuUr  tisiae  hietf.  lo  the  portion  of  tisnie  represented,  the 
■oinalion  of  the  (lark-bordcrcd  fibres  in  fine  pale  fibres  a  well  seen, 
L  the  course  and  desdnation  uf  the  pale  iilTrcs  running  with  the 
Bc-bordered  fibres  should  be  panicuLirly  noticed,  pL  LXXXVII  a,  d, 
Th«  ammgement  of  networks  of  nerve  trunks  in  and  beneath  the  skin 
kJic  greeu  tree  frog  or  hyU  is  well  Mxn  in  fig.  3,  pi.  XXXVIl.  'J'he 
■ofying  pigment  celts,  with  their  anastomosing  branches,  are  lepre- 
-Ced  in  the  same  drawing.  Fig.  z  is  a  portion  of  the  skin  under  « 
'«r  jKiwcT,  showing  some  of  ihe  pigment  cells  with  granules  Af^regated, 
K  oOien  with  the  granules  diffused  in  the  Huid  in  the  ramification  of 

cells. 

•■■.  McTK  niirra  aUtrtbntMl  t«  Orv«tt*  of  BpM^al  uifl  Ccnend 
fcwlwi,  snMKr  very  Mlak  Powen. — The  ultimate  arrangement  of 
-«t]r  sensitive  nerve  fibres  may  be  deraoosinited  in  many  of  the 
Bnnal  organs  of  man  and  vertebrate  animals — such  as  the  papilbe 
CJie  skin  And  mucous  membrane  in  certain  localities;  but  of  all  the 
wial  sensitive  organs  studied  by  miaoscoptsts,  perhaps  the  targe 
^tllae  (llio  fungiform  papilla:)  of  the  frog's  tongue  is  the  moiit  beautiful 
wrell  as  the  most  convenient,  not  only  for  investigating  the  terminal 
Kiibution  of  purely  scnntive  nerve  fibres  and  for  demonstrating  ,cbe 
-cniiBl  structure  of  a  highly  sensitive  organ,  but  for  aiK-crlaining  the 
Bitkma  and  connections  wbicli  nerve  fibres  exhibiting  dilTerent  fiinc- 
ns  hare  with  one  another. 

In  the  small  portion  of  tissue  constituting  one  of  these  papilla:  we 
t  ariped  fnus:u/ar  fihrrs,  capUiary  vasels,  furth  sensithv  nrnv  pbrts 
■ning  an  expanded  terminal  plexus  or  network  at  the  summit  of  the 
pilla,  iwo/i?r«*yi«-/i*r«  distributed  to  the  muscle,  Wtr/JVrrt  around 
'  <apiUary  itssd.  and  a  few  very  fine  ne^^'e  fibres  ramifying  in  the 
Kmcclivc  tissue  in  difl't-rent  parts  of  the  [Kipilla.  All  these  nerve 
■CI  and  plexuses  arc  erahedded  in  and  held  together  by  connective 
aoe,  fbrroing  the  body  of  the  papilla,  the  summit  of  which  is  sur- 
>unled  by  a  peculiar  epithelium- like  tissue,  perhaps  connected  with 
SDervesand  belonging  to  nerve  texture,  while  its  sides  are  coveted 
th  ordinary  ciliated  epithelium. 

These  papillae  have  been  studied  by  numerous  observers,  and, 
"sn^ly  enough,  one  of  the  latest  writers  has  seen  far  less  than  many 

his  prcdcceMor*.  probably  because  he  has  been  less  successful  in 
fpftring  his  specimens.  Fig.  2,  pi.  LXXXVIII,  is  a  copy  of  Hart- 
inn's  figure  taken  from  pi  XVIIL,  "MulIcr'sArcJiiv,"  1863.  Itrepre- 
ki»  the  mode  of  termination  of  the  bundle  of  nenc  fibres  in  the 
)nSkk.  according  to  this  oliscrver.  It  would  probably  be  difficult  to 
luce  a  more  striking  example  of  the  destruction  of  Iicautiful  nerve 
tUres  by  the  process  of  preparation  ihan  was  afforded  by  the  sped- 
V  of  which  this  drawing  is  a  copy.     The  method  of  preparing  the 
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specimen  was  fatal.     Not  only  are  the  most  interesting  features  o(  ibt 
papilla  entirely  tost,  but  the  large  dark-l)ordcred  nerve  librcs  are  do- 
arranged,  and  the  most  im]Kirtjmt  pan  of  ihcm  completely  destroyed  or 
retidered  invisible.     It  is  stranije  ibai  any  one  sbouM  regard  Udc 
apfrearaiices  represented  in  the  drawing  as  natural,  or  |>emiit  hunaclf  to 
conclude  that  the  nerve  ended  so  abnipUy.     No  fine  nerve  nines  whsK 
ever  could  be  seen,  nor  is  a  trace  of  the  nuclei  which  are  conneded 
with  these,  and  which  exist  in  great  numbers,  left     It  would,  oroounc, 
be  useless  to  examine  such  a  specimen  with  high  powers,  for  nothia| 
further  could  be  discovered  than  can  be  detected  with  luw  ones.    At 
the  same  objectionable  methods  of  inquiry  are  still  advtxateil,  it  isBM 
wonderful  that  those  who  adopt  them  have  been  led  to  the  concluaen 
that  high  powers  are  useless,  that  appeiirances  observed  in  speamni 
prepared  according  to  other  methods  are  loUociDUs,  and  tliat  the  flU 
servaiions  of  those  who  by  adopting  otiier  plans  of  inquiry  dcuKMuiali 
new&icts,  arc  untrustwortby,  and  products  u(  the  authijr's  inugtnaiix 
It  is  not  very  likely  that  the  author  of  such  a  drawing  as  %  x  nil 
place  3n>*  confidence  in  an   observer  who  veatures  to  represent  dat 
things  delineated  in  figs.  i,  4,  pi.  LXXXVIIl,  and  the  four  ti.. 
pL^LXXXIX,  as  accurate  copies  of  naluit-.  He  concludes  the  i  ■ 
simply  appealed  to  his  imagination.     This  is  the  only  way  to  defcnil  b 
own  jiositton ;  and  so  tnnny  people  are  in  these  days  ready  lo  bdkic 
thai  an  obser\cr  who  professes  to  have  seen  what  has  not  been  noi 
before  is  but  a  fanciful  s|>eculaior,  and  not  an  observer  at  all,  ibi 
prejudice  is  easily  exciccd  against  him,  and  erroneous  views  are  tecBiti 
as  true,  and  correct  ubservations  condemned  or  discarded. 

It  is  quite  certain  llial  the  most  delicate  constituent  iktvc  fibm 
of  the  plexus  in  the  summit  of  die  papiU«  of  the  frog's  toor. :  ""  ^ 
Obseri-ations  upon  the  Minute  .A.natomy  of  the  Papill*  of  U-. 
Tongue,  "  Phil.  Trans."  for  1864)  can  be  readily  traced  by  the  aid  al 
a  twent\'-fifth  or  fiftieth,  if  the  specimen  be  prepared  according  to  Ita 
directions  given  in  p.  366.  Tt\cpntst  nerve  hbrcs  thus  rendered  raft 
arc  indeed  so  thin  and  faint,  tliat  in  a  drawing  they  would  be  «i» 
sented  by  fmc  single  lines.  Near  the  summit  of  the  paptib  thncat 
still  more  intricate  interlaoemeni  of  ner\'e  fibres,  which  although  icimti 
brought  out  by  the  twenty-fifth,  fig.  4,  pi.  LXXXIX,  is  very  clearijri^ 
monstrated  by  a  fiftieth.  In  this  object  the  definition  of  the  fiU«.  > 
dtey  ramify  in  various  planes  one  behind  another,  and  iDterlacc  aliM* 
like  basket-work,  is  remarkable,  fig.  i,  pi.  LX.XXIX.  Moreover,  fc 
flat  appearance  of  the  specimen  as  seen  by  the  twenty-fifth,  %wts  pbu 
10  one  of  considerable  depth  of  tissue  and  penitectire:.  So  tlwi  1 
more  correct  view  of  the  structnrc  of  these  papillre  is  obtabcd  tf 
examining  them  with  a  fiftieth  of  an  inch  than  with  a  iwenty^AkK' 
even  this  investigation  leaves  many  points  unsettled,  and  wtucfa  at 
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vorthy  of  more  extended  investigation.  A  small  portion  of  this  won- 
derful plexus  is  reprt-scnttrd  in  fig.  3,  under  a  maj^ifying  power  of  6,000 
disnicK^rs,  obtained  by  considerably  lengthening  the  tube  of  the  micro- 
scope when  the  specimen  was  under  the  one  nrenty-«Kth. 

The  fine  fihn-s  resulting  from  the  subdivision  of  the  dark -bordered 
ftm  soon  divide  into  numerous  branches,  which  form  a  hij-hly  complex 
plexus,  the  subdi^nsions  of  which  are  connected  here  and  there  with 
numerous  ntirlci,  as  represented  in  the  upper  part  of  ihe  papilla,  fig.  J, 
pL  [.XXXVni.  It  in  unpussible  tu  follow  these,  Inil  in  figs.  3,  5, 
are  diagrams  representing  the  probable  arrangement.  Each  papilla 
teems  to  be  connected  with  the  nenie  centre  by  special  fibres  and  with 
neighbouring  papilla:  by  commissural  fibres,  fig.  4,  pi.  XC,  p,  413.  This 
urangement,  familiar  to  anatomists  in  the  optic  commissure,  exists  here 
and  in  all  other  nerve  oi^gans.  The  genemi  arrangement  of  the  vessels, 
muscular  fibre*,  and  other  tissues,  will  be  understood  if  the  drawings  in 
pi.  I-XXXVIH  be  carefully  studied. 

The  finest  ramifications  uf  ihe  nerve  fibres  in  the  corneal  tissue  are 
fepnrsemed  in  pi.  XCI,  under  a  magnifying  power  of  1,800  diameters. 
Ihe  finest  threads  are  seen  running  amoi^pst  the  fibrous  bundles  of  the 
corneal  tissue  between  the  ramiticiitiom  of  tlie  branching  and  anasto- 
mosing channels  connected  with  the  corneal  corpuscles.  TJie  prepara- 
tioD  is  unusually  fortunate,  and  consuls  of  a  vcr)'  thin  and  even  section 
of  corneal  tissue,  which  has  not  been  at  all  deranged  in  the  process  of 
preparation,  cut  parallel  with  and  a  little  below  the  surface.  The  finest 
are  not  the  t-so,oocih  of  an  inch  in  diameter,  and  they  form  nel- 
i  amongst  the  fibres  of  the  proper  corneal  tissue.  In  this  spcci- 
njcn  from  the  hyla  they  are  certainly  not  connected  with  the  corneal 
|cOiT<i^l^  or  their  nmiifications.  'Hiere  is  no  reason  to  suppose  ihey 
f«9cen  any  direct  influence  either  upon  the  corpuscles,  their  ramifications, 
Itftcir  contents,  or  upon  the  proper  tissue  of  the  comex  It  is  much  more 
iboble  tliat  these  nerve  fibres  are  afferent  fibres,  and  inHuencc  the 
centres  from  which  the  nerve  fibres  distributed  to  the  small  arteries 
'ne^ir  the  margin  of  the  cornea  are  derived.  Indirectly,  no  doubt,  these 
ALsros  arc  concerned  in  regulating  the  quantity  of  fluid  in  the  cana* 
ii<;ular  network,  and  diffused  through  the  proper  tissue  of  the  cornea. 

.1^  drawing  of  a  beautiful  suction  through  the  tissues  near  the  tip  of 
the  xiose  of  the  mole  is  seen  in  fig.  i,  pL  XCII.  llic  vessels  were 
uij^c=ted  with  Prussian  blue  fluid,  and  the  bioplasm  of  all  the  tissues 
laafv^fully  stained  with  carmine.  Very  thin  sections  were  made  and 
laoxixued  in  strong  glycerine.  Some  of  the  best  sections  were  further 
liv£«;3ed  and  rendered  thinner  by  pressure  and  subse<juent  soaking  in 
t«0»Tg  glycerine,  as  described  in  p.  368,  when  they  could  be  examined 
LfcS-k  the  highest  powers,  and  the  finest  ramifications  of  the  nerve  fibres 
-cd  in  some  situations,    lite  large  hair  sacs  which  lodge  the  short 
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but  linn  tactile  hairs,  seen  in  the  drawing;  are  retiurluble 
Each  is  comjKised  of  a  Uig  of  firm,  sti^,  lifisuc  like  liliro-carulage. 
ut  j>crforait;d  ou  one  side  at  the  lower  [tan,  and  thmugh  the*  opciii» 
puss  vessels,  and  a  large  bundle  of  &ne  dark-bordered  nerve  &]Kn. 
The  vessels  break  up  to  form  a  cnpitlary  network  around  the  bolbof  the 
hair  as  se<n  in  the  diawin); ;  sometimes,  however,  ves&els  also  cater  ihe 
sac  at  its  lowest  port  'ITie  bundle  of  nerve  fibres  spreads  mil  m  a 
bnish-Iikc  manner  as  soon  zs.  it  reaches  the  interior  of  the  sac— liie 
fibres  passing  in  a  direction  upwards  u  they  spread  around  the  tuii, 
and  many  divide  so  thai  the  numl>cr  of  fibres  greatly  increaaca  icwuih 
the  ccnirat  part  of  the  sac  Further  division  and  sulxlivisim  uU 
place  until  an  abundant  plexus  of  exceedingly  fine  nerve  Abru  raufei 
Connected  with  this  plexus  arc  numerous  masaes  of  bio|ibsm,  to  ihfl 
in  some  situations  wtial  may  be  described  as  a  soft  jud  or  cailuB 
results,  and  the  fibres  of  this  nerve  cushion  placed  parallel  with  ihe  hu 
must  necessarily  1>c  affected  by  the  slightest  movements  commumciud 
to  its  li|>.  The  fine  ramifications  of  nerve  filMx-s  exicnd  upwards  to  Ar 
narrowest  pan  of  the  sac.  whence  in  some  instances  a  buixfle  of  Gh 
nerve  fibres  is  seen  to  pass  out  and  ramify  with  the  netveas  kmrnig 
a  network  just  beneath  the  skin.  [  have  made  secitoos  of  the  fitt 
nerve  expansion  within  the  sar  in  various  directions,  and  bavedencfr 
strated  networks  of  extremely  fine  fibres  with  numerous  biopluti  ctfr 
necied  with  them,  but  I  have  never  seen  any  apfiearancc  which  ««okl 
lead  me  to  suppose  that  the  fibres  formed  bee  ends,  ur  became  cob- 
ncctcd  with  the  tissue  of  which  the  hair  itself  is  composed  TU 
arrangement  of  the  vessels  is  so  clearly  shown  in  the  drawing  ibai 
furllier  description  is  not  needed. 

The  general  arrangement  of  nerve  fibres  near  their  tlJstrihutioo  a 
well  seen  in  ti^  2  and  3,  pi.  XCII,  from  the  bnt's  wing.     ThaK  dra» 
ings  illustrnlc  the  arrangement  of  ihe  fine  ncr\-e  fibres  in  nmmmi&a 
generally,  but  from  the  smaller  animals  only  can  satisfactor)-  ipccimnu 
1m:  olitained.    'llicrc  is  no  tissue  in  which  such  distinct  dcnKnutnUB 
of  the  ultimate  dt&tribution  of  line  ner\'e  fibrvs  and  their  relation  to 
other  tissues  can  be  so  readily  obtained  as  in  the  bai's  winy.    Not  only  o 
the  tissue  in  certain  parts  of  the  wing  Otr  thinner  than  cin  be  ot)iaiatd 
artificinlly,  but  upon  the  two  surface*  of  the  fibrous  membrane  » I 
epithelial  layers  have  been  stripped  off,  extensive  networks  ■  ■ 
fibres  can  be  dbcemed  undisturbed  by  manipulation  and  tying  cpoo 
one  pLinc,  whereas  in  sections  of  tissue,  however  dexterously  prepared, 
so  many  nerve  fibres  are  cut  across,  that  it  is  nut  possilile  to  follow  ao|r 
of  them  for  even  a  short  distance,  or  to  demonstrate  their  exart  amn|^ 
inent,  and  their  precise  relation  to  the  tissues  amongst  which  tbcy 
ramify  cannot  be  defined.     The  student  should  particularly  notice  ibc 
dichutomous  division  of  the  dark-bordered  fibres  in  figs,  s  and  3.  Tbae 
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worthy  of  more  extended  investigation.  A  sroalt  portion  of  this  won- 
derful plexus  is  represented  in  fig.  3,  under  a  maijiiifyiiig  power  of  6,000 
di&nieiers,  otiUincd  by  considerably  lengthening  the  tube  of  tlie  luicio- 
scope  when  the  specimen  was  under  the  one  twenty-sixth. 

The  fine  fibres  resulting  from  the  subduision  of  the  dark-bordered 
fibres  soon  divide  into  numerous  branches,  which  form  a  highly  complex 
plexus,  the  sut)di>Tsions  of  which  are  connected  here  and  there  with 
numerous  nnclei.  as  represented  in  the  upper  part  of  the  papilla,  fig.  i, 
pL  LXXXVIIL  It  is  impossible  to  fuUow  these,  but  in  figs,  j,  5, 
are  diagrams  tcprescnting  the  probable  arrangemenl.  Eadi  papilla 
seems  to  be  connected  with  the  nerve  centre  by  speaal  fibres  and  with 
leighbouring  papillse  by  commissural  fibres,  tig.  4,  pi.  XC,  p.  413.  11iis 
irrangeitient,  familiar  to  anatomists  in  the  oplic  commissure,  exists  here 
ind  in  all  other  nerve  orgnns.  The  general  arrangement  of  the  vessels, 
muscular  fibres,  and  other  tissues,  will  be  itnderstood  if  the  drawings  in 
>L  LXXXVni  be  carefully  studied. 

The  finest  ramifications  of  the  nerve  fibres  In  the  corneal  tissue  are 
neprcscnted  in  pi.  XCI,  under  a  magnifying  power  of  1,800  diameters. 
rhe  finest  threads  are  seen  running  amongst  the  fibrous  Imndles  of  the 
wraeal  tissue  between  the  nuuitications  of  the  branching  and  anasto- 
mosing channcts  connected  with  the  corneal  corpuscles.  The  prepara- 
tion is  unusuaHy  fortunate,  and  consisu  of  a  very  thin  and  even  section 
of  corneal  tissue,  which  has  not  been  at  all  deranged  in  the  process  of 
>reparation,  cut  parallel  with  and  a  little  below  the  surface.  The  finest 
ibres  ate  not  the  i-5o,oooth  of  an  inch  in  diameter,  and  they  form  net- 
irorks  amongst  the  fibrts  of  the  proper  corneal  tissue.  In  this  speci- 
Bien  from  the  hyla  they  arc  certainly  not  connected  with  the  corneal 
corpuscles  or  their  ramifications.  Then;  b  no  reason  to  suppose  they 
exert  any  direct  influence  either  upon  the  corpuscles,  their  ramifications, 
[heir  contents,  or  upon  the  proper  tissue  of  the  cornea.  It  is  much  more 
iroliablu  that  these  nerve  fibres  are  afferent  fibres,  and  influence  the 
Dcrve  f^entres  from  which  the  nerve  fibres  distributed  to  the  smalt  arteries 
Bear  the  margin  of  the  cornea  arc  derived.  Indirectly,  no  doubt,  these 
tbres  are  concerned  in  regulating  the  quantity  of  fiuid  in  the  cana- 
Ucular  network,  and  diffused  through  the  proiwr  tissue  of  the  cornea. 

A  drawing  of  a  beautiful  section  through  the  tissues  near  the  tip  of 
the  nose  of  the  mole  Is  seen  in  I'lg.  i,  pi.  XCIL  The  vessels  were 
injected  with  Prussian  blue  fluid,  and  the  bioplasm  of  all  the  tissues 
carefully  stained  with  carmine.  Very  thin  sections  were  made  and 
mounted  in  strong  glycerine.  Some  of  the  best  sections  were  further 
ifividcd  and  rendered  thinner  by  pressure  and  subsequent  soaking  in 
strong  glycerine,  as  described  in  p.  368,  when  Ihey  could  be  examined 
with  the  highest  powers,  and  the  finest  ramifications  of  ilic  nerve  fibres 
traced  in  some  situations.     The  targe  hair  sacs  which  lodge  the  short 


4t6 


HOW  TO  WORK  wrm  Tire  jncROSCOPt 


komc  of  the  cells  were  mtire/y  destituie  of  nmv  fifrn — that  in  liiofi 
afolar,  unipohr,  and  muiiipoiar  nerve  cells  existed  in  ihc  nervoui  vfy 
tem.  I(  is,  however,  obvious  that  if  the  views  advanced  by  mc  coo- 
ceminjjthe  fundamental  armngemcnt  of  a  nervous  apparattts  arc  correct. 
If//  runre  Ci^ls  must  hm>e  at  lfa%f  fm*  fibres  froertsiinf^ fn*m  litem — miu/  Ar 
t'i^tar,  and  ihereforr  thai  neither  apctitr  nor  unipolar nerr^  (tih  anyaAtn 
exist.  Doubt  was  cajii  upon  the  correclneM  of  the  observation  concsn- 
ing  apolar  itnd  unipolar  nerve  cells  and  it  was  thenrfore  nccctauy  lo 
re-investigate  this  matter  mlb  great  care. 

My  observations  were  published  in  the  "  Phil  Trans."  for  May  J, 
i86j{,  and  rendi^red  the  existence  of  a|>otar  and  unipolar  celU  so  voj 
(loubtAil,  that  some  of  those  who  had  described  them  have  since  fpvcti  up 
the  notion,  though  they  by  no  means  assent  to  (he  general  [>r^*osttina 
which  have  been  established  by  my  inve<>tt^ations.    I  wa^  able  lo 
that  what  appeared  to  be  a  single  fibre  prcceefling  frocn  a  celt 
consisted  of  two  fibres  which  soon  diverged  from  one  another,  iiulj 
ttttiext  in  oppoiilt  tiirtttioHs  towards  their  destination — a  txcs.  gnaUly  b 
favour  of  the  general  views  of  the  typical  stnjclure  and  arr^uigcmcot 
of  a  nervous  apparatus  which  I  had  been  led  To  adopt  from  other  obtcs- 
vations.    The  fibres  could  be  readily  traced  lo  the  body  of  the  nerve 
cell,  where  the  straight  fibre  was  seen  to  be  continuous  with  the  cenin] 
portion,  while  the  spiral  fibre  ]>asscd  into  the  matter  forming  the  ciratsa- 
ferential  portion  of  the  nerve  cell.     By  carefully  studying  the  dereSofy 
ment  of  these  nerve  celU  many  points  of  great  interest  and  importance, 
both  as  regards  the  structure  and  action  of  nerve  centres,  were  a&certaioed. 
The  rcidcr  may  refer  to  the  figs,  in  pis.  XCIV  and  XCV,  which  h«vei 
been  taken  from  the  original  memoir.     Amongst  the  fully  formed  cdb 
are  observed  here  and  there  some  which  are  undergoing  the  proccxsofj 
developnient.     Such  embryonic  cells  are  seen  in  the  ganglia  of  (vU* 
grou-n  as  well  as  in  those  of  young  frDgs.    They  ore  to  be  found  a(  all 
ages  and  arc  being  constantly  produced  at  all  times  during  the  li£e  of  | 
the  animal,  particularly  during  the  spring,  when  the  nervous  vjsum 
becomes  renovated  and  is  about  to  attain  (he  highe<?t  stale  of  functiora) 
activity  it  enjoys  during  the  year.     Observation  has  shown  tiuu  a  sinuhi 
process  of  development  and  formation  of  new  cells  goes  on  in  fW 
sympathetic  ganglia  of  man  and  the  higher  animals  as  well  as  ia  thoc 
on  the  posterior  roots  of  the  spinal  nervesL     See  my  paper  oa  Apotaj 
Unipolar,  and  Bipolar  Ner\'e  Cells,  Snx,  "Phil.  Trans.,"  iRGj, 
fiicts  above  alluded  to  and  some  others  lead  mc  to  think  that  fa 
materia]  produced  by  the  bioplasm  of  cells  of  this  class  is  the  vny 
matter  in  which  nerve-currents  onginate,  chemJcal  chaise  in  the  formed 
material  of  the  cell  being  associated  with  the  setting  free  uf  tJie  curmi 

In  my  work  on  Bioplasm  ())age  309  ei  snj.)\  have  adduced  senal 
facts  and  arguments  which  seem  to  me  lo  render  it  vciy  probable  tloi 
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[■nefve  force  »,  as  was  long  ago  supposed,  really  electricity  set  free  in  the 

itM  of  chemical  duinges  occurring  in  the  fonned  material  of  spherical 

id  oval  nerve-cells.     But  it  cannot  be  argued  that  if  this  be  so,  the 

Iccwdusion  affords  support  to  any  one  of  ihe  many  physicaJ  theories 

|of  life  hitherto  propounded.     It  is  obvious  that  the  special  action  of  the 

[  nerve-currenl  is  dependent  n]M>n  the  arrangement  of  the  fibres  which 

transmit  it,  and  the  structure  and  properties  of  the  organs  upon  which  it 

exens  an  influence.     These  things  ore  determined,  not  by  chcmtral  or 

mechanical  actions,  but  they  are  the  direct  consequence  of  phenomena 

occurring  in  the  bioplasm,  by  and  out  of  which  all  structures  axe  formed, 

I  which  phenomena  in   their  nature  are   far  away  from  the   physical 

'  cat<^ory. 

The  actual  nervc<urrent  is  due  10  changes  in  the  matter  of  which 

I  the  outer  part  of  the  formed  material  of  the  cell  is  composed.     Fatty 

I  nutter  is  set  free,  and  other  chemical  changes  occur  in  the  formed 

I  mailer,  which  result  in  the  development  of  a  current,  which  traverses 

the  continuous  tlireads  or  fibres  connected  with  the  cell,  just  as  the 

[current  of  the  voltaic  battery  traverses  the  circle  of  copper  wire  which  ts 

connected  with  the  melatlir  elements  of  which  it  is  made,  and  one  of 

wlitch  undergoes  active  chemical  chanjje:     The  change  in  the  matter  of 

I  these  cells  occuns  probably  in  a  regular  manner,  but  no  doubt  the  accu- 

1  mulation  and  the  tension  attained  by  the  current  vary  greatly  and  are 

j  influenced  by  the  activity  of  the  proces.scs  of  nutrition  and  oxid-ition 

jaind  other  circumstances,  and  by  the  arrangetncnts  existing  for  the 

jaccumulatinn  nnd  discharge  of  iRe  electricity. 

S«3.  GMadMf  Kcrre-CrllM  an<er  very  kliA  Pvwcra. — The  angular 

i  cells  of  the  brain,  medulla  oblongata,  spinal  cord,  retina,  choroid,  and 

found  elsewhere,  should,  I  thinks  be  regarded  rather  as  stations  at  which 

several  currents  taking  many  difTcrent  courses  intersect — where  fibres  for 

I  the  conduct  of  rjerve-currents  decussate — rather  than  as  organs  in  which 

I  currents  are  actually  developed  and  set  free.     The  scat  of  origin  of 

Uie  nerve^-urrcnt,   I  believe,   is  in  the   spherical  and  oval  nerve-cells 

already  mentioned.     Further,  it  is  possible  that  in  the  angular  cells 

secondar>'ar  induced  currents  maybe  cxdted  in  strands  moving  parallel 

with  or  encircling  those  which  transmit  the  primarj-  current. 

The  caudate  nervecells  of  (he  spinal  cord  and  brain  have  long  been 
objects  of  attentive  study.  They  are  without  doubt  intimately  concerned 
I  in  the  production  of  the  highest  nerve  phenomena  of  man  and  animals. 
The  structure  of  these  cells  is  very  peculiar.  Certain  granules,  lines, 
and  inequalities  in  their  substance,  particularly  upon  the  surface,  have 
long  been  familiar  to  observers ;  but  in  1*64  I  found  some  cells  in  which 
the  arrangement  of  lines  at  diflV-rent  depths,  in  the  subsuncc  of  which 
the  cell  was  composed  was  ver>'  distinct.  These  lines  could  be  traced, 
;  u  is  well  represented  in  the  figure  in  pi  XCVII,  and  shown  diagram- 
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maiically  in  fig.  i.  pL  XCVI.  They  clearly  puwd  ftona  each  ct  Ihe 
fibres  across  Ihe  cell  inlo  every  oilier  fibre  proceeding  from  it  1  coald 
not  but  conclude  thai  these  lines  marked  the  paths  Uken  by  the  sevenl 
separate  nervc-cuirents,  passing  in  different  direaions,  which  tnvenal 
the  cell.  The  fibres  proceeding  from  the  cell  consist  of  the  same  nute- 
rial  as  that  of  which  the  cell  itseir  is  contjxysed.  and  are,  as  it  wtrc^ 
drawn  off  from  h.  The  matter  is  not  protoplasm,  as  has  been  so  oAei 
ofitrracd,  but  consists  of  formed  material.  Although  it  is  true  that  m 
many  ca.scs  the  fibres  can  be  btaincd  by  carmine  by  prolonged  soakini;, 
they  ate  not  stained  under  the  same  conditions  as  the  bioplasts  while 
the  latter  can  always  be  deeply  tinted  in  specimens  in  which  the  fxhta 
are  not  coloured  at  all.  It  is  quite  certain  th-it  nerve  ^cnomcna  are  iMlt 
due  to  continuity  of  the  bioplasm  of  the  nerve-cell  through  all  the 
which  arc  connected  with  it,  as  has  been  supposed  by  some,  nor  even 
continuity  of  a  fluid  or  semi-fluid  substance  having  mobile  particles,  v 
maintained  by  others.  It  seems  to  mc  that  tlic  uldec  nerves  shoald 
be  considered  as  thri:ads  consisting  of  a  nLateiiat  not  widely  dificnot 
IJotn  fibrous  tissue  laid  down  or  drawn  out  in  a  longitudinal  directioci,  al 
during  development  and  growth  the  so-called  cells  of  different  |arts  of 
the  nervous  system  become  more  widely  separated  from  one  another. 

Fine  fibres  resulting  frotn  subdivisions  of  the  larger  fibres  leaiiqg 
the  cell,  unite  together  to  form  single  fibres,  as  represented  tn  pi  XCVI, 
fig.  2.  TTiua  is  formed  a  dark-bordered  ncrvc-fibre,  t,  *.  *.  Evtty  ook  of 
these  fibres  again  dtndes  and  subdivides  as  it  approaclies  its  periphetal 
distribution.  The  manner  in  which  this  occurs  will  be  undcfstood  H 
ftgs.  2,  3,  4.  pL  XCVI,  and  figs,  i,  a,  3.  pi.  XC,  be  attentively  cxumncd. 

I  do  not  chink  that  the  numerous  caudate  nerve<cltfl  in  the  coTtkal 
portion  of  the  cerebral  convolutions  are.  as  they  have  been  regarded  by 
many,  sources  of  mental  action,  any  more  than  the  arigular  celb  u 
other  situations  arc  the  seat  of  origin  of  nerve-force.  In  these  cells  of 
the  cerebral  convolutions  currents  from  diffcretit  parts  rlmnge  ihdr 
course,  some  fibres  from  a  distance  axe  cansed  to  con^'erge,  while  otben 
diverge  in  diffcR'nt  directions.  The  general  arrangement  of  thcMCcSt 
is  repeseuted  in  figs.  3,  4,  and  5,  in  pi.  XCVIII,  p.  438.  &r  also 
p.  427- 

The  conclusions  resulting  from  such  investigations  as  those  refiexrcd 
to  in  the  last  few  sections  cannot  fail  to  impress  all  concerning  the  wow- 
dciful  character  of  llie  apparatus  required  for  the  development  of  the 
very  simplest  ncrvc  phenomena.    They  indicate  that  the  effccis  produced 
should'  be  Attributed  ralhej:  to  the  mechanism  through  which  force  wodi 
than  to  any  mysterious  or  {peculiar  properties  or  powers  of  the  focce  itsdC 
It  seems  to  me  more  reasonable,  and  more  in  accordance  with  knows 
Qtcti),  to  regard  every  form  of  ner^'e-force  as  electricity  than  to  nainuao^ 
coatniy  to  lacts,  that  some  day  and  somehow  it  will  be  discovovd  tt 
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m  of  auph  «  c-U  nn  that  T#pr«fl#nl^d  In  Pluw  ict7t 
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D^ftAnm  to  ibon  Lbv  co^irnA  at  Lb-^  flbrB^  nbicta  >mTU  tbs 
CAudfete  Qfirra  c*IU.  «  «  u«  p*rt«  of  iwo  tifirr*  crDs,  and 
two  flnil™  ftjlH  »re  alio  ivpjaiB[it«dr  t'^br^i  from  MTDral 
diCTflnnt  c«11«  uuiiA  ic  (oim  ■Ln^lq  n^rvfl  flbr«».  A  &  ft  Jn 
pmHslDQ  to^rcrdfl  ilis  psr^pb«ry  tbvi^  ccmpouuti  Ubrat  diTlJH 
and  vab-dividB,  ib^  rflHu]iin|  ■ul^i-divUiOu*  pft»tii^  lo 
dit&nnt  <1ftntlni"loB".  Tb*  flntj  Qbrr*  r«BiiUliii4  from  tiit 
•  ub-dLTiiloD  ot  004  ol  Ibe  FkudatB  proceaai-v  of  .1  tki^rvtf  f^Ll 
may  tulp  10  forrn  a  vaat  numbsr  of  dmk  hordtfrfJ  ncrrfln, 
but  it  IB.  1  t^Luk,  cBn-i^a  lh%t  no  ttti-Jii.t  i-nincTta  win 
roaui  QKR  iHrihv  axis  cilimliia. 


10  ■'hov  tba  povalbU  n>]itlDQ  to  ons  flri^tb^r 
j«  circaiiB  traT«f*iD4  a  siDflia  ciudHti  nvrw  c-ll- 
1  K  diTuit  conaecUoA  a  perlphvnil  BrnsitWa  aur- 
tb^«a11;  k  inaj  batba  p«tb  of  aiiici*DrlrnpuliiB: 
Dih«r  olrcuiia  paHflkn^  co  otbrr  crl's  or  othar 
U  pafti  A  cumet  paaimi  alonft  tba  Abra  a 
riluE*  einttnta  Id  Ui*   Ebrv*  otbtr   I9bf4«.  ^,  r  1^. 
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Dbm« 


VlO  Uttfc  -^^^^  *^, 


CELLS  CONCERNED   IN  MIND. 


419 


K  some  mysterious  unknown  correlative  of  ordinary  force,  (^  the  nature 
r  wluch  no  one  knows  anything,  bui  concerning  which  it  b  supposed 
niething  or  other  has  been  discerned,  or  is  about  to  be  discerned,  by 
mc  imagination.  But  if  it  isadiatuedihat  ncrve-forcc  is  ordinary  dcctri- 
V,  the  problem  of  nerve-aclion  is  by  no  means  solved  ;  for  it  is  obvious 
ft  the  phenomena  are  due  entirely  to  the  peculiar  orniJigcnicnt  of  the 
k^re-ceUs  and  fibres  which  constitute  each  jtardcular  nerve  mechanism 

setting  free  and  conducting  the  currents,  li  is  not  possible  to  con- 
fcr«  ner^-e  phenomena  without  a  special  apparatus  of  very  peculiar 
pcturc,  and  the  nature  of  nerve-aclion  is  intimately  conrtected  with 
:  Structure  and  arrangement  of  this  apparatus,  'llic  action  even  of  a 
cWnc  cannot  be  dissociated  from  its  construction.  Now  the  con- 
fecrtion  of  the  nerve  apparatus  and  its  maintenance  in  a  state  fit  for 
[c3D  are  due  lo  viLil  power.  The  lowest,  simplest,  and  least  varied 
cXsof  nervous  action,  like  all  otiier  actions  in  connection  with  the 
|rm|;  elementary  parts  of  lining  beings  of  which  anything  is  known,  are 
jKXUiety  connected  with  vt'fai  changes  in  the  bioplasm,  and  cannot 
prcfare  be  said  to  be  due  to  physical  and  chemical  laws  only.  I'he 
tftiTaiy  is  affinned  by  noted  physicists,  some  of  whom  are  not  only 
IC<  ignorant  of  the  minute  structure  and  arrangement  of  ner\'c- 
l^ns,  but  coolly  condemn  the  use  of  the  only  instrument  by  the  aid 

■wKich  any  one  can  gain  any  knowledge  concerning  structural 
^^gemcni. 

^^■4.  On  tke  Itntiire  st  Hind  uid  an  tbe  stractnre  af  ate 
^S»t  rorma  »t  ^crrr  ClrmrnUiry  ParU  «r  Celt*  wblrh  «rr  eao. 
■^Kd  !■  nentml  .'^ervtitio  Arilon». — When   we  ascend  to  thi.-  considcrA- 

hof  the  higher  and  more  complex  nervous  actions,  we  find  reason 
concluding  that  the  vital  actions  perform  a  still  more  important 
•*.  In  the  brain  of  man  we  have  probably  the  only  example  of  a 
Ichanism  (?)  fx>ssessiiig  within  itself  not  only  the  means  of  repair," 
t  the  capacity  ibr  improvement  and  the  power  of  increasing  ihc 
rfection  of  its  machinery  (7),  not  only  up  to  the  time  when  the  body 
iifcs  at  maturity,  but  long  after  this,  and  even  in  advanced  life,  when 
^ny  of  the  lower  tissues  have  undergone  serious  deterioration,  and 
eve  long  passed  the  period  of  their  highest  functional  activity. 

This  wonderful  and  peculiar  power  of  the  nerve  bioplasm  con- 
Ittied  with  menial  operations  in  jnan  contrasts  remarkably  with 
kc  feeble  capacity  of  renovation  and  improvement  exhibited  by  that 
f  man's  tissues  generally,  IVhile  the  bioplasm  of  many  important 
knies  of  the  body  of  some  nf  the  lower  animals,  can  reproduce 
pmplex  texiures,  and  even  entire  limb&  In  all  cases,  however,  the 
beoomcnon  is  due  not  to  structural  pcciUiaritics,  but  to  the  endow- 

*  The  lorchoniun  which  poflciics  within  iudl  (he  mcini  of  rep&ir  hu  not  yd 
rn  octully  conanicl«l,  but  it  hu  tMcn  ' '  di:Kcnic»I "  tij'  luaterialiau. 
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ments  of  ihe  bioplasm  or  living  inaRer  ooncerncd — to  foitiy  ritat 
powers,  not  to  peculiarities  of  simcturc  of  coiniKwitioo. 

The  idea  that  action  is  in  all  rrascs  dctcnnincd  bystracturcaad 
matter  with  the  most  remarkable  and  complex  endowments  ra' 
characterised  by  a  peculiarly  elabomte  structure,  though  it  cannot  bf 
cemvd,  has  always  been  eniertalned.  and  still  lingen  among  the 
fundamenial  errors  of  the  most  popular,  as  well  as  the  mo«i  Trcile% 
speculators  of  ihe  materialist  school.     Though  in  these  (Uyv  cbr  (act  of 
the  utter  structurckssnewi  of  the  matter  from  vrhich  all  tiviii(( 
are  evolved  is  pretty  widely  known  and  generally  admitted,  few 
able  to  divert  ihcmsclvcs  of  the  nonscnsiral  suppOTition  of  mecl 
and  structure  being  somehow  hidden  in  the  structureless.     It  hu 
proved  over  and  over  again  Aax  under  the  highest  poweis  the  raattet  of 
the  lowest  forms  of  bioplasm  with  formative  power,  capable  ubIv  ol 
evolving  the  lowest,  simpli^t  form  of  tissue,  fig.  i,  \)\.  XCVIII.  p  ^»(^ 
cannot  be  distinguished  from  that  of  the  highe&t  form,  fig.  i,  froa 
which   the  highest  structures  of  the  brain  and  the  organ  of  the  ruaJ 
itself  arc  to  be  developed.    Nevertheless  the  most  degrading  "f^wiinl 
dogmas   ever   evolved  by   materialist  imagination  have  been  reocii% 
revived  as  regards  the  nature  and  action  of  mind,  and  ore  freely  tiofht 
to  people  who  are  unable  to  examine  and  criticise  either  the  KHilltd 
facts,  or  the  faulty  and,  in  some  instances,  utterly  groundlen  wtflftiwin 
upon  which  the  dogmas  ore  supposed  to  be  based. 

It  is,  perhaps,  not  surprising  that  sfwculations  concerning  the  latuie 
of  thought  and  life  advanced  by  ph)-si<:isls  whose  methods  have  Ikca 
restricted  to  those  ajiplicablc  to  non-living  matter,  should  id' 
tend  towards  the  conclusion  that  the  living  is  but  «  form  or 
the  non-living,  and  that  exclusively  physical  principles  miuil  bt 
sullicient  to  explain  tnmtai  as  well  as  all  vital  phcnon^na,  ani 
not  only  life  but  tniaJ  ought  to  be  regarded  as  ft  mode  of  motion, 
is  it  to  be  wondered  at,  that  those  who  have  prosecuted  invesijgatMr) 
the  aid  of  instruments  for  physical  research,  and  Bcconlnig  tu  lis 
[mnciples  laid  down  by  physicists  for  investigsting  the  naloiv  and  ivc3 
perties  of  non-living  matter,  should  have  greater  cooSdenoe  u  ihe^ 
own  r<uni)iar  melltods  than  in  any  other  mean?  of  exploring  tutuic; 
no  one  will  feel  aMonished  that  among  such  are  enthusiasts  who  bcli' 
in  nothing  but  matter  and  its  forces,  and  maintain  that  the  only  pfc= 
perties  in  existence  are  material  in  their  essential  nature.  But  rt  issuicft: 
rery  remarkable  that  a  number  of  educated  pensons  should  have  ocoeple-^ 
the  dicta  advanced  on  these  matters  from  the  physical  side,  by 
confident  and  most  positive  physicists,  as  the  final  and  afaeolute 
while  it  is  still  more  remarti.ible  that  the  condemnation  of  m 
enquiry  by  those,  who,  knowing  nothing  of  microscope  work,  and 
ing  the  highest  estimate  oS  their  own  method,  reject  the  obscrvaliocu 
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uu'oDS  of  observers  who  have  stoidiiy  prosecuted  investigations  con- 
mtng  the  structure  and  aciion  of  living  beings  by  means  o(  the  only 
triunent  by  which  they  con  be  studied,  should  have  been  acquiesced 
and  even  encouraged,  not  by  indivi<luals  only,  but  by  bodies,  whose 
ty  it  is  to  sec  that  the  exponents  of  conflicting  views  on  great 
endfic  questions,  are  treated  with  fairness  and  impartiality,  and  not 

Givour,  and  promote  the  spread  of  one  set  of  doctrines  to  the 
iJusion  of  others  which  will  turn  out  to  be  very  near  the  truth. 

To  most  of  my  readers  the  connection  between  philosophical 
eations  stk]  minute  microacopicai  investigations  will  appear  very 
note,  and  I  shall,  no  doubt,  be  rebuked  for  many  observations  I  have 
Might  it  advisable  to  make  in  this  work.  Certain  philosophers  have, 
Wfcver,  not  only  clearly  seen  the  connection  between  minute  investi- 
lion  and  philosophy,  but  have  used  facts  ascertained  by  microscopical 
seivation.  And  while  the  instrument,  by  the  help  of  which  the  facts 
«  discovered,  has  been  condemned,  some  even  speak  reproachfully 
acomfully  of  the  possc^ots  of  the  eyes  and  understanding,  by  the  aid 
which  the  work  is  done,  and  tr>'  to  nuke  people  believe  that  they  can 
tract  all  the  farts  required  from  physics,  and  their  own  imaginations, 
nong  the  least  philosophical  of  the  population  is  the  modem  preacher 
material  dogma,  which  seems  to  be  his  idea  of  philosophy. 

Brain,  the  highest  organ  in  nature,  and  one  of  the  most  complex  of 
uaures,  is  formed  from  matter  which  is  siruiturrUts,  and  which  cannot, 
any  known  methods  of  phy»ical  examination,  be  distinguished  from 
t  which  is  to  form  the  lowest  and  most  simple  forms  of  organic  tissue, 
spite  of  all  that  has  been  distinctly  atifirmed  or  obscurely  intim.itcd 
:1ic  oontrar}',  it  is  quite  certain  that  every  kind  of  living  nutter  in 
ajTC  is  devoid  of  any  characters  which  can  be  projwrly  called  struc- 
ait  and  that  il  is  absolutely  st-pamted  and  distinct  in  kind  from  every 
V  of  non-living  material  Nor  is  there  any  evidence  of  a  material 
dation  from  nun-living  matter  to  matter  that  is  alive,  and  again  from 
t,  the  lowest,  tu  iJie  highest  living.  iJetween  diiTerent  forms  of  the 
ng,  it  may  be  right  to  assume  a  sort  of  gradation  as  regards  potefr— 

capacity  for  forming  or  producing.  But  such  gradation,  if  admitted, 
Jtiot  be  due  to  any  material  proi)enic8  (^  the  particles,  or  to  the 
mkal  componiiion  of  the  matter  itself  The  only  thing  that  is 
Cain  is  the  existence  of  difference  in  power.  The  difference  may  be 
dattonal,  and  the  several  differences  in  life-action  in  various  creatures 
y  be  gradationally  related  to  one  another,  but  all  this  has  yet  10  be 
Tvd.  In  the  case  of  any  particular  organ  or  system  of  textures,  in 
Lch  an  advancjc  in  complexity  of  structure,  and  as  regards  per- 
naance  of  function,  can,  it  is  thought,  be  traced  from  the  lower  to  the 
lier  veitebrata,  as,  for  example,  the  gradation  which,  in  the  case  of 

iiervous  system,  is  held  to  establish  a  connection  between  low  and 
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high  forms,  most,  if  it  exists,  be  due  to  diiTcmice  in  power  m 
relation  with  tht:  living  maUer,  by  and  out  of  which  both  the  kw 
simple  and  the  higher  and  more  complex  nerv'ouiL  sj-steins  hat?  b«c 
respectively  formed.  No  jniUcatioa  of  such  gtadalion  in  comj' 
matcrtai  constitution  such  as  is  seen  in  many  of  the  series  of  chcmii-.i>ut> 
stances,  can  be  shown  to  eJcist  anywhere  in  things  living.  Indeed,  feom 
a  chemical  point  of  view,  the  substance  of  an  amieba  is  cu  exaUed  u 
that  of  the  bioplasm  of  the  brain-cell  which  took  (art  in  the  ronce[^iM 
of  Hamtei  or  Paradise  Lost 

Every  man  ought  to  be  interested  in  learning  in  what  particuUn  the 
phenomena  occurring  in  his  own  body  and  in  other  living  ikjip 
resemble  and  diOer  from  tlic  phenomena  of  nonliving  matter.  He nVt 
iliinks  at  all  must  long  to  know  whelber  the  facts  now  known  (avow  ibc 
conclusion  that  he  is  really  distinct  from  the  nOQ-Hving  and  in<ni:i.-iir 
which  surrounds  him  in  overwhelming  proportion,  and  Otlt  of  w ' 
knows  that  the  body  he  lives  in  has  been  made,  or  whether,  as  n-  r,  r» 
so  generally  asserted,  the  doctrine  roust  be  accepted  that  tranictiiW 
3mA  changing  forau  of  living  beings  establish  a  giadationai  and  nno- 
temiptcd  continuity  between  the  lowest  organic  forms  and  the  ma. 
highly  endowed  hving  matter,  which  gives  to  man  his  indispulahle  )ff- 
eminence. 

Men  are  told,  and,  in  the  most  confident  language,  ihat  all  thcu  scDcns, 
muscular,  nervous,  nurntal,  are  tncruly  ini»:hanical,  and  also  thai  liriof 
13  an  attribute  of  all  matter.     The  dogma  that  all  nature  is  mechaniol 
is  in  favour  at  thu  time,  as  well  as  the  dogma  that  alt  matleitiva 
Both  assertions  are  equally  untenable,  and  the  enthusiastic  adrwalia 
of  both  propositions  judiciously  decline  to  define  the  meaning  ihtj 
attach  to  the  phrases  they  employ.     Using  ti-rms  which  may  compK 
oppositcs,  contradiciories,  and  incompatible^  they  hope  to  escape  fadi| 
conviae<l  of  talking  nonsense  by  ingeniously  (|uatifying  the  words  DOf 
with  one  adjective  now  with  another,  so  as  to  entirely  cban^  Ik 
signification  perhaps  several  times  in  the  course  of  a  short  (lLwrt^ 
tion.     But  careful  readers  will    hardly  fail  to  detect   the   fallacy.    It 
is  ea.sy  to  sec  that,  for  example,  the  word  mechanical,  as  applied  V)  i 
living  thing,  means  something  toully  diflercnt  from  what  is  implied  bf 
the  same  word  when  used  with  reference  to  a  machine.     The  U^  asd 
Xrwfth  of  a  stone  are  clearly  something  totally  differeni  from  iIk  life 
and  growth  of  a  tree,  so  that  nothing  is  gained  by  employmg  the  amt 
word.'i  in  both  ca&es.     In  the  assertions,  the  tree  lives,  the  stone  li»e>t 
any  one  can  see  that  something  very  different  is  connoted  by  ihc  w«J 
liva. 

But  the  existing  school  of  popular  teachers  will  never  lv.<j  >!  ir-i ' 
ing  that  certain  changes  which  occur  in  nutlet  placed  um.ij  ,.i:U'. 
known  conditions,  must  be  due  exclusively  to  the  properties  of  the  aosi 
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^f  which  the  substancvs  arc  composed,  and  will  continue  to  assert  that  a 
Class  of  phcnuiiiena,  not  one  of  whicb  can  be  ImitAteJ  in  the  laboratory, 
*nd  which  cannot  be  explained  or  accounted  for,  without  admitting  the 
^TOrdsc  of  a  power  of  choice  and  selection  associated  with  the  matter, 
^iwl  l!ie  further  admission  that  the  nction  or  change  which  docs  occur, 
Bbghl  have  been  different,  the  matter  and  its  forces,  nevertheless, 
remaining  the  same. 

Is  it  reasonable  to  maintain  that  properties  which  belong  to  matter 
for  all  time,  and  properties  which  no  matter  retains,  except  for  a  very 
short  period,  are  equally  due  10  the  material  properties  of  the  molecules? 
4    school  of  philosophjr,  which  lias  now  dominated   in    England  for 
sevieral  years,  has  solved  many  difficulties  with  surprising  facility.     It 
shows  ihac   freedom   of  choice   is   but   another   mode   of  expressing 
necessity,  and  it  has  discovered  that  wilt  is  hut  a  form  of  involuntary 
icdon.     Philosophic  atoms  obey  the  inexorable  laws  laid  down  by 
bhysicisls  for  their  guidance.     Bm  other  atoms  there  are,  not  yet  dis- 
cerned by  physicists,  which,  not  being  under  physical  (.ontrul,  seem  to 
thoose  their  own  way,  or  somehow  determine  in  which  of  several 
different  possible  ways  they  will  act. 

The  new  philosophy  is  eminently  a  molecular  philosophy.     Every- 

Oiing    is  due  to  molecular  action.     We  have  molecular  phenomena  of 

'•'diost  divcrM  kinds  and  in  very  different  situations.      Molecules  are 

Macerned  in  the  transmission  of  the  mandates  of  the  wiLL     Molecules 

^T't  disturbed  in  sensation.     Molecules  are  transposed  in  thought,  and 

ret  trie  very  tcarhers,  who  cannot  describe  a  change  without  calling  it 

molecuJaj^  not  unfrequenily  find  fault  with  the  very  methods  of  inquiry 

'nicn  £L]one  can  aflbrd  certain  information  concerning  the  changes  they 

«»  about,  and  by  which  only  the  accuracy  of  their  assertions  can  be 

''  *o  the  lest,  and  not  only  so,  but  the  vury  authorities  who  talk  so 

''Gently  about  molecules,  do  not  describe  the  objects  to  which  they 

^*     This  word  molecular  has  not  been  accurately  defined,  and  is  used 

*  rough   and  general  way  as   contrasted  with  that  which    is  targe, 

'^ctisc,  but  the  difference  is  clearly  one  of  degree  only.     Molecule  Is 

y  Another  name  for  a  little  mass.     The  word  is,  however,  used  to 

"press  upon  the  mind  the  fact  that  the  very  same  laws  which  gover 

^^  niasscs,  for  instance  the  heavenly  bodies,  rule  also  very  minute  por- 

"*  of  matter,  molecules, — and  this  is  true.    The  difference  as  regards 

^^  sind  its  material  properties  is  but  a  difference  of  degree.    But  when, 

the  case,  it  is  further  sought  to  impress  the  mind  with  the  idea 

'he  molecule  in  a  living  slate  is  iiAe  the  molecule  in  a  lifeless  &tate, 

***hole  question  of  life  is  begged,  and  a  difference  as  absolute  as 

U**'<Jnce  can  be  is  utterly  ignored  and  disregarded,  and  people  led  to 

^^e  what  is  contrary  to  fact.    On  the  other  hand,  the  «ews  at  which 

*^ribiassed  mind  would  arrive  after  careful  microKopic  enquiry, 
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would  not  be  in  accord  with  the  recent  riiscorcriea  of  ihc  itiugti 
physiral  investigators  concerning  molceuks  and  molecular  actiaa. 

The  philosophers  who  laik  confidently  nbout  the  inedunkal  jitK. 
nomenn  of  mind  do  not  of  course  trxplain  cither  the  structure  or  mode 
of  fonimtion  of  the  raind-forming  machine,  or  dLscusa  the  raechaitia  of 
the  thinking  pnxress.  1'hey  da  not  even  gire  an  accouni  of  die 
mechanics  of  any  single  «tal  nio^-emcnt  of  any  kind  *"rh.-ucvcr. 

Philosophers,  indeed,  afiimi  that  no  matter  U\-es,  because  tboi  whidi 
has  been  wrongly  called  living  is,  according  to  them,  nierely  the  yo- 
fonnance  of  certain  mechanical  and  chemical  0[)eraUcns,  Otbcn,  u 
I  have  said,  confidently  assert  that  all  matter  is  alive,  but  neitlKt  ate 
$et  nor  the  other  affords  the  slightest  information  concerning  the  oact 
particrutars  in  which  the  matter  which  \ivcs  or  which  performs  vital  im, 
resembles  or  differs  from  the  same  matter  when  it  has  ceased  to  liw, 
'and  can  no  longer  perform  any  rital  act  whaun'cr.  Every  lining  iam 
does  many  things  which  no  mm-living  things  can  be  made  lo  damd 
the  capacity  for  thus  acting  dtsappeats  with  death.  It  is,  ttietcfote.  vSt 
on  the  pan  of  mere  authority  to  go  on  preaching  its  dogmas  about  Ibt 
mechanical  changes  it  cannot  demonstmtc-,  and  the  mechanical  pficco- 
mcna  of  panick-s  which  it  is  able  to  de&troj-,  but  whi.:h  it  ii  pvmAm 
to  build  up  or  construct.  Authority  may  continue  to  refuse  to  adak,  cr 
may  deem  it  expedient  to  deny  that  dkc  liring  state  d'ttfiin  abmlutd;  md 
entirely  from  the  non-living  condition  ;  but  the  truth  irmains,  that  in  tic 
living  slate  of  matter,  whether  it  be  the  \tving  tnatter  of  a  gnming  fanguit 
or  that  concerned  in  mental  action,  matenal  forces  and  piDpertin  ue 
Kimebow  govenwd  and  controlled,  and  in  a  manner  not  to  be  iniiULfd 
by  us  or  to  be  explained  by  anything  known  concerning  tMn^inn; 
matter,  while  it  is  incontestable  Chat  the  moment  the  matter  ceaxs  to 
live  it5  capacity  for  manifesting  its  ordinary  propcrtio  nrtums.  After  its 
death,  matter  never  regains  tbc  power  of  doing  wtut  rl  did  when  ii  «as 
alive.  Science  and  reason  are  wrecked  by  thoee  who  reduce  life  »dA 
thought  to  mere  mechanical  action,  and  who  declare  they  dinxni  tsv 
mere  matter  all  sorts  of  powers  and  capadties  of  which  neither  tbcy  no^ 
any  one  else  can  utitain  evidence. 

It  must  be  clear  to  anyone  who  thinks  over  the  ordinary  facts  knowiff 
to  them,  that  a  theory  which  will  in  any  way  account  for  the  lacti «! 
mental  action  must  include  the  admission  of  noo-jrfiysical  force,  poww, 
Property,  or  influence,  and  I  hare  shown  thai  without  such  a  Ctctorifcc^ 
jihertomeika  of  the  loweirt  living  arc  3s  iocxpUcabtc-  as  those  of  ihr^ 
higbesL  In  fact,  in  all  life  wc  must  admit  the  opention  o(  a  poweri 
cv  influence  Gir  removed  from  the  physical  cat^ory.  This  psydikali 
factor,  which,  as  Mr.  Herbert  Spencer  s^s,  "no  physical  tcseaichi 
whatever  can  disclose,  or  identify,  or  gel  the  remotest  glimpse  of,'^ 
has  never  been  explained  away,  and  is  the  life  of  every  living  things 
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ach  a  iactor  has  worked,  and  will  ever  work,  in  the  maner  of  the 
iwest  as  in  that  of  the  highest  living  in  nature.  That  any  reasioning 
ing  should  ground  his  denial  of  the  existence  of  a  psychical  factor 
the  het  of  the  iiailuK  of  every  attempt  to  isolate,  mcastire,  weigh, 
otherwise  demonstrate  it  by  physical  research  is  as  extraordinary, 
d  it  may  be  added  as  unreasonable,  as  is  the  suggestion  of  the 
sJbility  of  thought  being  measured  or  weighed,  or  exhibited  to  an 
ience  in  the  oiagic  lantern,  or  otherwise  demoostrated. 
The  process  by  which  a  ^mrticular  muscular  movement  is  determined 
is  in  its  essentia)  nature  psychical.  The  movement  of  material  particles 
in  the  matter  concerned  in  mental  action  is  clearly  influenced  by  a 
letermining  governing  agciKy  not  matcriaL  The  perception  of  an 
inpfesaion  must  be  psychical  not  physical^  and  the  intellectual  action 
riiich  follows  transcends  every  other  phenomenon  in  nature  except  its 
vise.  Wc  must  admit  that  material  particles  are  made  to  arrange 
exnselves  in  a  manner  not  to  be  accounted  for  by  anything  yet  dis- 
eied  concerning  their  material  forces  and  properties.  It  is  unques- 
nably  hard  to  form  a  conception  of  the  manner  in  which  material 
r^icles  are  brought  under  the  influence  of  the  supposed  psychical 
:ft:or,  but  wc  mti&C  allow  that  material  changes  are  somehow  brought 
r  will,  and  seeing  how  many  acts  ore  imdoubicdiy  under  voluntary 
tt.tTol,  is  it  not  more  probable  that  will  should  contro]  the  movement 
-material  particles  than  that  inert  matter  and  its  properties  should 
nebow  develop  will  ? 

The  movements  of  the  lowest  form  of  bioplasm  are  no  more  raean- 
:lc5S  or  purposeless  undublions  of  a  bit  of  juily-plxsm  than  arc  the 
ZLdLlations  of  the  matter  of  a  mental  bioplast  Even  in  the  case  of 
amceba,  the  slightest  movement  proves  the  operation  of  some  power 
material,  seeing  that  it  cannot  be  imitated,  and  is  unlike  any  move- 
t-»l  known  to  occur  in  non-living  matter. 

The  observer  who  carefully  studies  the  striking  movements  of  a  snull 
K~tion  of  living  matter,  as  seen  under  a  very  high  power,  will  not  be 
sily  convinced  they  are  to  be  accounted  for  by  any  material  properties 
cJic  coraiioncnt  elements,  any  more  than  he  will  accept  the  statements 
|-a^ch  have  been  ad\-amx-d  for  the  puri>osc  of  convincing  him  that  they 
r«^  mechanical.  Now  every  person  of  ordinary  intelligence  can, 
K^ttout  much  difftculty,  study  movements  and  other  phenomena  of 
Bsaig  matter  for  himself,  and  after  due  cnquir)*  and  patient  fact  obser- 
ikCiioa,  will  be  able  to  judge  how  far  the  favoured  doctrines  of  the  day 
-•^"C'unt  for  the  observed  fiicts.  Let  him  determine  whether  the  cant 
-iraseology,  characteristic  of  the  period,  in  which  wc  arc  assured  that 
■  ought  is  due  to  molecular  phenomena,  is  justifiable.  The  eloquent 
lie  about  the  unbridged  abyss  between  mind  and  matter  deceives 
^^^ple  by  leading  them  to  the  inference  thai  all  is  bridged  over  except 
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ihis  abyss,  and  that  the  mysieiiea  of  the  living  are  solved  cxocpt  ife 
mysteries  of  the  mind,  which  it  is  adnwUed  have  not  been  fiillyelua- 
dalcd  by  physic^  investigation,  and  which  cannot  as  yet  be  Mpentd 
in  physical  tenD&  By  some,  however,  it  is  maintained  thAi  aldioiik 
the  exact  relation  between  molecules  and  morals  has  not  yet  been  Uj 
determined,  it  is  certain  ihat  it  will  prove  lo  be  of  a  mcchamcal  warn. 
Such  statements  can  only  have  the  eflect  of  leading  people  to  aiffcir 
that  much  more  is  known  than  is  tlic  CiicL  The  reader,  it  ii  AtBoi, 
should  infer  that  it  is  only  the  niecbooic  of  mind  that  h  na  hUf 
understood,  whereas  the  teachers  are  thcmsehxs  well  aware  ttal  tnc 
gap  between  chemical  change  and  con^iousness  is  no  greater  oat 
more  inscrutable  than  that  which  separates  an  inanimate  from  t 
living  particle.  The  materialist  with  some  ingenuity  misreptcseois  the 
whole  matter.  He  has  not  the  faintest  conception  of  the  raolcate 
changes  he  talks  about  as  proceeding  in  living  tiuiler,  and  be  is  u  unti)| 
ignorant  coaceming  the  mere  movement  of  the  lowest  fonn  of  li^iai 
matter,  as  he  is  concerning  the  nature  of  thought.  It  is  to  be  bofiA 
that  before  long  the  public  will  discover  this,  and  no  longer  bt 
misled  and  imposed  upon  by  hypotheses  based  on  the  fictiom  dl  (bt 
imagination.  A  few  writers  taking  a  not  ungcneious  view  of  iht 
causation  of  some  of  the  curious  intellectual  flights  towards  the  pkV 
sophy  of  the  past  attribute  them  to  evcepcional  mental  defcnt  tai 
disendownienls  such  as  distinguished  from  most  of  their  contemporane, 
for  instance,  Lucretius  and  Comte,  who  by  some  alieaists  have  kn 
regarded  as  the  subjects  of  maniacal  attacks. 

Let  anyone  inclined  to  think  that  I  have  in  Any  way  cjo^cnki 
the  extravagance  of  the  mechanico-chemical  doctrines  which  »re  !»• 
commonly  entertained  and  widely  uughi,  lefer  to  an  article  in  dw  mij 
last  number  of  the  "  Edinburgh  Review  "  (Na  30$,  January,  |S;9),« 
which  the  public  are  told  that  the  brain>pulp  is  destn^yed  and  dean- 
posed — burned  by  the  agency  of  oxygen  for  the  pioductioQ  of  "bfuft 
force."  T^e  irresponsible  author  of  such  ^ndhil  cerebration  attstsutl^ 
be  laughing  at  his  readers.  This  mental  cremaiionbt  who  bums  im- 
brain-^Hilp,  and  expounds  the  physics  of  the  soul,  admits  that  one  iHnim 
however,  lias  nut  yet  been  elucidated.  Even  tliix  lulinburKh  Rctir*^ 
confesses  that  he  has  not  yet  discovered  "  the  plan  by  which  the  itatm 
of  the  unstable  and  combustible  base  of  the  brain  coorolutintii 
transmuted  into  the  fimctions  of  the  intellect"  I  (p.  S3.) 

Now,  the  idea  wc  may  form  concerning  the  nature  oT  mental 
will  necessarily  be  influenced,  and  in  an  important  degree,  by  the 
ception  we  obtain  from  actual  observation  of  the  structare  and  airaV- 
mcnl  of  the  anatomicnl  elements  which  take  p.irt  in  the  changes OGcan^ 
in  the  brain  during  life.  Tliis  conrepltun  will  largely  depend  npoa 
metliod  of  preparation  we  employ  for  the  purpose  of  dcmoMtntBUlbg 
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nicture  cff  ihe  dead  textures  and  cells  connected  with  them.  Assuredly 
lere  an;  no  ti»i>u<;!>  tn  the  body  which  exhibit  gicatci  dilTcTcriccii  in 
ipeaiancc  than  the  nerve  tissues  when  subjected  to  dilTcrcnt  methods 
preparaiion.  The  solution  of  one  of  the  highest  problems  presented 
in  may  therefore  depend  in  great  measure  upon  the  method 
nptcd  by  a  microscopic  observer,  In  prepiu-ing  a  little  bit  of  tissue 
cjcimination  under  high  magnifying  powers.  Some,  indeed,  seem 
think  that  considerations  about  demonstrating  anatomical  details 
beneath  the  notice  of  those  who  aspire  to  what  they  themselves 
lU  philosophical  views.  If  it  were  possible  that  truth  could  be  evolved 
It  of  a  man's  understanding,  it  would  of  course  t>e  absurd  to  spend 
one  in  making  obser\-alions  which  may  after  all  often  turn  out  to  be 
Uacious ;  but  is  not  such  u  notion  op|>osed  to  all  experience,  and  is 
not  certain  that  real  progress  in  many  departments  of  i^ilosophical 
kqutry  is  dependent  upon  improvement  in  the  methods  of  working? 
I  tnith  the  question  of  the  nature  of  mind  mcludcs  the  (tucstion  of 
e  nature  of  life,  and  cannot  be  properly  considered  until  the  changes 
king  place  in  Hv-ing  matter  generally,  as  well  as  the  structure  and 
rccise  arrangement  of  that  part  of  the  nervous  system  concerned  in 
ental  action,  have  been  accurately  determined.  This  investigation 
D  be  prosecuted  only  by  skilled  micmscnpical  observcn;.  In  this 
ny  it  would  seem  that  adrance  in  philosophy  is  in  great  measure 
cpendent  upon  the  results  of  accurate  observations.  And  it  appears  to 
le  almost  certain  that  a^  our  practical  methods  ctf  demonstration  are 
Bprovcd,  many  of  the  doctrines  of  the  old  philosophy  which  have  been 
icently  revived  will  j-ield  to  others  of  a  very  dilTerent  character. 

The  great  importance  Of  the  particular  method  of  preparation  ad- 
icatcd  in  this  work  in  its  application  to  the  investigation  of  the  tissue 
the  convolutions  of  the  brain,  is  shown  by  comparing  )qx;cimens  so 
eparcd  with  those  which  have  been  mounted  in  Canada  balsam  and 
ch  media  as  advocated  by  most  authoriiits.  In  pi.  XCVIII,  fig.  5, 
a  drawing  of  a  section  of  the  gray  matter  of  the  brain,  the  vessels  of 
kich  have  been  injected,  mffunUd  in  baisam,  and  in  fig.  4  is  a  similar 
ZAvm,  the  vcsscU  of  which  have  also  been  injected  with  Prussian 
ue  fluid,  and  the  bioplasm  stained  with  carmine,  but  preserved  in 
■"ong  ^ycerine.  In  the  last  numerous  cells  can  be  distinctly  seen 
aich  are  not  visible  in  the  first,  and  the  vessels,  it  will  he  noticed, 
JiQut  an  entirely  dilTerent  appearance  in  the  two  cases. 

Near  the  surface  of  the  gray  matter  of  the  convolutions  of  the  brain, 
id  occupying  different  planes,  arc  countless  small  masses  of  bioplasm 
lich  sometimes  after  death  are  nearly  spherical,  but  which  during 
ace  less  regular  in  outline,  perhaps  stellate,  each  one  having  a  num- 
of  delicate  prolongations  which  connect  it  with  many  more,  noC 
all  those  quite  close  to  tt,  but  with  masses  situated  it  may  be 
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at  a  considerable  distance  off.  In  this  way  "centres"  may  be  i 
but  instead  of  being  isolated  or  more  or  less  separated  from  one : 
the  outer  communications  between  the  supposed  centres  are  sowj 
numerous  that  it  is  doubtful  if  the  term  centre  can  be  conedlj  e» 
pioycd.  Indeed  the  more  carefully  every  part  of  the  nervous  system  rf 
man  and  ihe  hij^her  animals  is  explored,  the  farther  wc  recede  fromtfct 
idea  of  several  centres  each  with  its  definite  function  ;  and  iboog^  o 
doubtedty  broud  divisions  must  be  admitted,  it  must  be  tx>me  in  Biioit 
that  in  every  one  of  these  arc  nerve  fibres  and  celLt  taking  put  a 
many  and  very  different  actions,  with  wide  and  very  various  connectioK 

The  little  transparent  more  or  less  spherical  bodies  with  their  ^■ 
cate  fibres,  above  referred  to,  can  be  well  seen  with  the  aid  of  anoti;«- 
tive  magnifying  five  hundred  diameters  or  upwards,  in  v-eiy  thin  per- 
pendicular and  homontal  sections  of  the  cortical  portion  of  a  com 
tion,  the  vcssck  of  which  have  been  previously  injected  first 
carmine  fluid  and  afterwards  with  Prussian  blue,  according  lo  the  | 
described  in  p.  366.  The  injection  of  a  portion  of  brain  tissue^  I 
enough  for  the  purpose,  may  be  effected  by  introducing  a  fine  itijt 
pipe  into  one  of  the  small  arteries  of  the  pia  mater,  but  in  all  caisl 
sjKcimen  must  be  obtained  very  soon  after  death,  for  some  of ' 
anatomical  elements  of  the  cerebral  convolutions  undergo 
change. 

In  p.  41 S,  it  has  been  already  suggested  that  the  angular  cells  in  t 
cortex  of  the  cerebral  tissue  like  those  in  the  spinal  cord  and 
situations  are  not  the  sources  of  nerve  (lOwcr,  but  are  rather  con 
in  the  grouping  of  nerve  currents  running  along  various  lines  in 
ditfcnrnt  directions.  An  idea  of  the  general  arrangement  of 
angular  cells  may  be  formed  if  figs.  3,  4,  and  6  in  pi.  XCVIII  be  : 
to.  Fig.  3,  which  is  in  part  schematic,  shows  how  nerve  fibres  cu 
from  many  different  [X>int5  converge  towards  the  base  of  each  cell ' 
gradually  ta|>cr5  at  its  upjicr  part  to  form  the  one  long  tail-Uke  ; 
which  Tunsas  asingLecord  towards  the  surface  of  the  cortex  of  tbcj 
matter.  In  fig.  6,  some  of  these  fibres  and  their  arrangement  and* 
ncclion  with  the  cell  are  well  seen.  Before  reaching  the  sur(tce,1 
ever,  the  long  hbre  divides  into  multitudes  of  minute  thrc^  vtM* 
pursue  diverse  courses,  and  dividing  and  subdividing  xs  they  doao< 
different  planes  it  is  not  possible  to  follow  any  one  o(  the< 
fine  fibres  resulting  from  the  subdivision,  for  more  than  a  ray 
distance  This  much,  however,  Is  certain.  Of  the  millions  of  1 
bioplasts  which  I  believe  10  be  the  organs  in  which  all  mental  i(t>' 
originates,  many  lie  amongst  these  excessively  fine  fibres,  some  d*^ 
constitute  the  ultimate  subdivisions  of  nerves  connected  wuh  c^tij 
Iioint  in  every  sensitive  surface  in  the  body,  while  others  arc  raolof  ft** 
taking  part  in  the  execution  of  conicious  movemenL    Thiou^  ibc 


affement  ol  ihcstc  muUiludinous  threads  result  the  marveltously  com- 
aciions  of  fibres  and  bioplasts  requisite  for  the  execution  of  even  a 
;ry  simple  movement  delemiincd  by  the  will,  but  influenced  perhaps  by 
npfessions  nude  upon  the  retina  or  other  sensitive  surface.  Legions  of 
Srve  fibres  or  ihcir  extensions  coonected,  for  example,  with  different 
Wits  of  the  retinal  surl'ace,  must  in  certain  situations  in  the  cortex  of 
le  gray  matter  come  into  the  immediate  vicinity  of  corresponding 
gions  connected  whh  fibres  and  bioplasts  taking  part  in  sensation  and 
llunlary  motion.  For  the  raind- bioplasts  must  be  so  arranged  as  to 
i  influenced  by  and  to  influence  at  successive  instants  whole  legions  of 
Tve  threads. 

It  might  be  suggested  that  the  nerve  current  gives  tise  to  molecular 
fuigcs  in  the  bioplasm,  and  that  (he  molecular  changes  in  the  bioplasm 
ifluenec  Ihe  nerve  current.  But  wc  must  surely  ask  ourselves  what  we 
icnn  by  molecular  changes.  Admitting,  however,  molecular  changes,  by 
hat  are  these  influenced?  Docs  chemical  change  stand  first  in  the 
mvellous  chain  of  phenomena  connecting  will  with  muscular  action — 
te  action  of  oxygen  as  some  think  ?  In  that  case  oxygen  must  be 
yarded  as  the  cause  and  source  of  all  ncrtion,  and  the  very  matter 
hich  causes  tlie  evolution  of  will,  if  will  is  not  oxygen.  Surely  it  is 
xire  in  accordance  with  reason  to  attribute  the  phenomena  of  the 
ioptasm  which  differ  entirely  from  any  known  phenomena  of  ordinary 
katter  to  some  force^  action,  or  influence  peculiar  to  living  matter,  in 
tairt,  to  life. 

AH  that  I  have  been  able  to  ascertain  a*  regards  the  nature  of  bio- 
asm  and  its  phenomena  justifies  the  conclusion  that  this  is  the  matter 
ton  which  the  will  actually  and  primarily  operates,  arvd  that  the  nerve 
trcs,  or  rather  the  currents  traversing  the  nerve  fibres  near  to  the 
yplasts  are  aflected  bj*  the  moving  matter  of  the  bioplasm  ilsclf. 
i«  knowledj^e  we  possess  concerning  nerve  fibres  renders  it  impassible 

acc«pi  the  suppoGition  thai  any  of  these  are  the  scat  of  voluntary 
pulses. 

The  minute  masses  of  biopbsm  above  referred  to  arc  so  very  favour- 
ly  arranged  for  influencing  the  fine  fibres,  most  of  which  are  less  than 
p  i-t,ooo,oooth  of  an  inch  in  diameter,  thm  it  seems  difficult  to  resist 
S  inference  that  this  is  actually  what  happens  during  life.  'Iliofie  fine 
ves  run  in  every  conceivable  direction.  A  vast  number  of  nerve 
Tcs  taking  very  different  routes  may  touch  the  same  bioplast  at 
Beieat  points  on  its  surface.  By  the  movements  of  ilie  bioplasm  in 
Bcrent  directions  different  ner\-e  fibres  and  sets  of  nerve  fibres 
::iuld  Ix  influenced.  The  mo^xmcnt  I  suppose  begins  in  the  particles 
bioplasm  and  is  caused  by  the  direct  and  immediate  influence  of  the 
kal  power  upon  the  matter.  Particles  of  the  bioplasm  arc  made  to 
ove  in  a  determinate  manner,  and  according  to  the  direction  which  the 
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wave  of  movement  takes.  Now  this,  now  that,  set  of  fibres  will  be  as  k 
were  played  upon  by  the  bioplasm  or  living  matter.  Imagine  a  vast 
concourse  of  nerve  threads  in  contact  with  different  parts  of  the  surfacci 
several  of  which  must  be  influenced  by  the  slightest  bulging  of  a  vaj 
small  portion  of  the  surface  of  a  single  corpuscle.  Imagine  similar  p)w- 
nomena  going  on  at  the  same  moment  in  thousands  of  corpuscles  pro- 
ducing temporary  disturbance  in  many  times  as  many  thousands  of 
nerve  fibres,  and  a  rough  idea,  I  venture  to  think,  will  be  formed  of  tbe 
actual  phenomena  which  precede  the  occurrence  of  the  actual  temporaiy 
shortening  of  a  few  fibres  of  muscle. 

When  one  wills  to  execute  a  certain  definite  movement,  this  is,  I 
believe,  what  happens  : — The  immaterial  agency,  psychical  pffwtr,  vikl ' 
influence,  will, — call  it  what  we  may,  causes,  compels,  necessitates,  certain 
oscillations  or  undulations  of  the  living  matter  or  bioplasm.  Certain 
definite  movements  follow,  and  the  matter  bulges  and  impinges  upon  the 
several  nerve  threads  close  to  that  part  of  its  circumference.  The 
current  in  these  fibres  is  disturbed  and  thus  an  effect  may  be  produced 
at  a  considerable  distance.  In  an  opposite  direction  a  disturbance  in 
the  current  in  the  nerve  fibre  propagated  from  a  distance  might  ad 
upon  the  bioplasm,  the  movement  of  which  would  influence  the  nul 
power.  In  some  such  manner  I  conceive  a  psychical  change  may 
cause,  or  be  rendered  evident  as  a  material  or  molecular  phenomenoa 
According  to  the  direction  in  which  a  part  of  the  mass  of  living  matta 
is  temporarily  driven  by  the  conscious  life  power  which  governs  it,  will 
depend  what  particular  cords  of  the  nerve  mechanism  are  struck.  If  1 
am  correct  in  the  inferences  to  which  I  have  been  led,  I  must  consider 
mind  as  the  vital  power  associated  with  the  most  exalted  form  of  bio- 
plasm or  living  matter  in  nature. 

The  change  I  have  attempted  to  give  an  idea  of  in  the  foregoing 
paragraphs  is  of  a  character  coarse  and  rough  compared  with  what  goes 
on  in  the  living  matter  itself  just  prior  to  the  movement  of  its  particles 
But  yet  we  ought  to  have  a  very  definite  and  accurate  conception  of 
the  phenomena  in  all  their  detail  before  we  can  venture  with  much 
chance  of  arriving  at  the  truth  to  discuss  the  real  nature  of  a  mental 
act     As  this  enquiry  would  take  me  very  far  away  from  matters  of 
observation,  I  must  not  pursue  it  here,  but  it  will  probably  be  generally 
admitted  that  further  advance  in  the  highest  realms  of  thought  is  more 
likely  to  follow  the  discovery  of  new  facts  by  skilful  microscopical  ol>- 
servers,   than  to  be  consequent  upon  the  investigations  of  any  otb«r 
class  of  workers  or  thinkers. 
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PART  VII. 

;  CONSTRUCTION  OF  OBJECT-GLASSES— OF  THE  TOOLS  REQUIRED 
TOR  MAKING  OBJECT-GLASSES — FORMULA  FOR  MICROSCOPIC  OBJECT- 
GLASSES. 

(By  Mr.  WENHAM,  F.R.M.S.) 

Of  late  years  great  attention  has  been  paid  to  the  constniction  of 
higher  objectives  and  many  improvements  have  been  introduced. 
i  subject  is  one  of  great  interest,  and  in  case  any  of  my  readers 
f  desire  to  try  experiments  in  the  construction  of  objectives,  I  have 
ended  the  directions  given  by  Mr.  Wenham,  who  has  for  many  years 
n  engaged  in  this  work,  and  has  made  many  important  improve- 
its.  His  directions,  being  entirely  deduced  from  his  own  practical 
erience,  are  of  great  value,  and  will  be  studied  with  advantage  by 
ry  one  who  proposes  to  engage  in  this  work. 

Mr.  Swift  has  also  kindly  furnished  me  with  some  observations 
ch  will  be  found  useful  to  any  one  who  intends  to  take  up  the 
ject.     These  will  be  found  on  page  460. 

The  following  sections  from  Mr.  Wenham's  memoirs  have  been 
rinted  with  his  permission,  and  in  his  own  words,  from  papers  pub- 
ed  by  him  in  the  "  Monthly  Microscopical  Journal,"  1872,  and  in 
"Proceedings  of  the  Royal  Society,"  1873. 

SSB.  ScDcral  Rcmarlu  on  naklns  Object-slaiseB. — The  directions 
working  glass  surfaces  to  a  correct  figure,  may  appear  to  some  too 
ctical  and  characteristic  of  the  workshop ;  but  it  is  only  by  a  strict 
^ntion  and  study  of  such  details  that  perfection  can  be  insured,  and 
hout  their  aid,  the  deductions  of  the  mathematician  must  fail  in 
ir  proof.  Though  the  early  training  of  a  mechanical  profession  has 
liliarised  me  with  such  pursuits,  yet  I  must  confess  that  I  am 
orant  of  the  methods  adopted  by  our  best  makers  for  working  their 
lute  object  glasses ;  and,  therefore,  if  some  particulars  may  have  the 
it  of  originality,  others  are  perhaps  not  in  accordance  with  the  most 
Toved  practice. 

The  first  attempt  to  construct  an  object-glass  (Ji(in.)  is  recorded  in 
year  1850,  on  the  then  well-known  form  shown  by  fiig.  i.  The  back 
es  had  an  excess  of  negative  aberration,  or  were  over-coirected,  to 
ble  the  adjustment  for  covering-glass  to  be  performed  by  the  separa- 
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lion  of  the  ftont  lens,  which  was  under-correctwl  for  that   (NUpoae. 
Bui  on  aiicmpliiig  to  improve  the  correction  by  a  differcnee  in  the 

radius  of  the  concave  flml  of  the  triple 
front,  it  wu  shown  thai  a  considcnble 
alteration  was  here  required  to  effect  l 
maifria)  correction  for  colour.    Taking 
a  ray  at  the  ftjcal  distance  from  iht  fimar 
^nirfacc,  and  tradng  its  re&actinn  thnn^ 
the  triplet  at  all  pointB  it  appeared  n 
enter  the  concave  surfiux  nearly  m  a 
radius  from  its  centre.      Coaaeqtieiilly, 
under  this  condition,  the  eflect  a(  the 
dense  (lint  was  i>artl>-  neutraliicd 
It  then  occurred  to  mc  to  try  a  single  lens  for  a  front     With  thii 
combination  no  sati&factoTy  result  could  be  obtained  with  recpea  to 
achromatism. 

Early  in  the  year  1850,  "hfr.  Lister  was  occupied  with  experimoo 
for  the  i>uq>osc  of  improving  the  higher  iwwers,  and  then  introteaf 
the  /n'f/e  back,  which  has  since  so  eminently  proved  to  be  thegnuftM 
5tep  towards  their  perfection,  uUowing  perfect  cotreciion  to  be  obtained 
with  the  most  extreme  apertures. 

Having  received  early  information  of  this  impro*"emtni,  I  t«  tc 
work  and  again  tried  the  single  front  in  comhin.'Uion  with  Ihv  tnjjle 
back,  and  constructed  a  ^th  on  this  system,  which  is  contidenrd  tap 
ccllent  to  this  day.  For  seTcral  years  I  stood  alone  in  my  opinion  of 
its  advantages ;  but  as  numbers  of  our  best  object-glasses  of  the  h^ei 
[Kiwers  are  now  made  with  single  fronts,  I  am  in  a  better  poaiion  fn 
advocating  this  form,  particularly  as  tts  success  was  found  to  d«|nd 
upon  a  relative  dilfercnrc  of  focal  lengths  in  the  two  harJc  comtMiabM 
not  hitherto  employed  by  others. 

At  first  the  single  front  with  the  back  triple  wu  not  nccoiiiiL 
Though  colour  was  nearly  corrected,  there  was  a  deficiency  of  a|<mi«, 
and  the  combination  was  spherically  under-corrected,  On  i-inn?i( 
another  object  under  a  thicker  covering-glass,  the  definition  was  ^n^ll) 
improved.  By  pladng  other  pieces  of  thin  gloss  over  the  obfco,  tfct 
front  lens  had  to  be  drawn  still  closer  to  the  others.  This  give  v 
increase  of  ajnirturc  and  more  perfea  definitioti.  A  single  front  «» 
then  mad^  of  the  thickness  wliich  had  been  found  to  give  the  lie< 
result,  ascertained  from  the  measurements  of  the  additional  fHeca  oF 
thin  glass  over  the  object,  and  the  elTcct  was  iiU  that  could  be  dcsroi 
On  finding  that  the  correction  for  spherical  aberration  depended  «(«■ 
the  thickness  of  the  front  lens,  the  path  became  easy. 

Fig.  3  represents  a  Jith  of  130°  of  aperture  constructed  on  iMi 
s}-stcm,  sx  times  the  size  of  the  original     The  curves  arc  boc  pm  v 
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tadii,  bm  M  the  diameters  of  the  circles 
in  thoiisandihs  of  an  inch — for  I  thus 
note  them  down  for  the  convcnictKe  of 
making  and  finding  ihe  steel  gauges  and 
lo  pruvom  divisions  into  two-thousandths, 
viiich  would  fre«]ucm]y  occur  b  the  cor- 
ittCtJons.  The  following  are  thi!CUT\-cs:— 
biK'lc  triple, ^toMcrior  of  tTown,  'jis; 
three  next  tmriaccs,  crown  and  concavL* 
flint,  '440 ;  front  flat,  diameter  of  lens. 
'173;  density  of  flint,  jiSjo ;  ditto,  of 
crown.  3-457. 

Cur\-cs  or  templates  of  middle : — Back,  '233  ;  contact  surfaces,  "jjs ; 
front  1 1^  inch,  or  ^gths  inrh  radius ;  diameter  of  lens,  '138 ;  density  of 
flint.  3*686  ;  ditto  of  crown,  a-437. 

Sint;Ie  front  of  crown,  'too  or  i-ioth  template;  diameter  of  lens, 
■ogj  ;  thickness.  ■057.  mcasua-d  from  the  top;  density,  2-437. 

The  focus,  or  magnifying  [wwer,  of  the  two  back  combinations  is 
vciy  nearly  ct\\ta\,  and  each  4^  times  that  of  the  single  front ;  for  1 
hare  found  that  if  the  middle  is  of  shorter  focus  than  the  bacic,  that  it 
u  di^ult  to  obtain  uli^factoiy  correction.  The  lenses  are  fitted  into 
their  cells  without  shoulders,  as  their  diameter  is  only  just  suHicicnt  to 
ftdmit  the  full  pencil  of  rays,  and  their  surface!!  arc  utilised  to  the 
extreme  edge,  a  desideratum  that  can  always  be  secured  by  a  proper 
mode  of  working. 

The  ajierture  of  this  object-glass  k  t3o'',  which  is  amply  stifficicnt 

for  a  good  working  ^th.     In  the  triple  back,  the  three  cemented  or 

contact  surfaces  arc  of  the  same  radius,  as  t  have  not  been  able  to 

ascertain  ilut  any  auierial  elTeci  in  the  correction  for  spherical  errors 

can  be  obtained  by  a  difference  In  the  two  radii  of  the  concave  flint, 

and,  iherL'fori:,  for  the  sake  of  facilitating  the  workmanship,  both  face* 

we  similar.     I   am  aw.-irt',  however,  that  some  makers  hold  a  different 

oj^nion,  and  make  the  incident-surface  of  the  concave  much  deepen 

and  tlie  other  longer  in  due  proportion.     The  from  of  the  triple  is  flat ; 

but  as  the  {K.-rfcciion  of  an  object-glass  depends  in  a  remarkable  degree 

apun  the  mdius  of  this  surface,  a  plano-ronvex  lens  cannot  always  be 

aip|)Ued  as  a  ivte.  for  the  curvature  dciiends  very  mucli  upon  the  nature 

of  the  gUss  employed  in  the  construction,  and  the  distance  at  which  the 

lenses  arc  placed  asunder. 

The  eonvction  for  obliiiiie  pencils,  and  flatness  of  field,  are  tnaJnty 
crfTccted  by  an  alteration  in  lhi.sradiu.<i,  xsceriained  Irom  tlie  appeoroQCCs 
of  a  globule  of  mercury,  hcrfafter  to  be  explained     Also,  for  the  con- 
venience of  working,  the  posterior  and  contact  surfaces  of  the  inidtUe 
1^  ^gBj  are  irf  suuller  radii,  and  the  re<|uired  negative  correction  for  colour 
■^ 1^ 
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U  oUainnI  by  an  attention  in  the  concave  incidcni-surijiM:  of  the  ffioL 
The  back  and  middle  lenses  arc  worked  as  thin  aa  (xusiblc.  Il  it  u 
easy  matter  to  make  coovex  lenses  to  a  sharp  edge ;  but  to  imnrc  tite 
requisite  thinness  in  the  concaves,  the  edges  are  polished  before  the 
grinding  is  completer! ;  and  this  is  continued  till  they  arc  seva  to  beai 
thin  in  the  centre  as  may  be  deetned  practicable,  without  the  risk  of 
ba'aking  them  through. 

In  the  construction  of  the  highest  po«*ers  of  the  micnxooiic,  or 
such  as  are  composed  of  three  distinct  sets  of  tenses,  it  must  be  bone 
in  mind  that  the  magnifying  efiect  is  oMained  principally  l>y  the  franl 
lens;  and  the  combined  operation  of  the  middle  and  posterior,  ii 
entirely  correclive ;  and  thdr  application  in  any  combination  roun 
always  be  so  considered,  and  not  as  a  means  of  olitaining  additioul 
power.  If  the  front  of  an  eighth  or  one-twelAh  is  tested  alone,  it  will 
be  found  to  magnify  nearly  as  much  as  when  the  oAcr  lenses  uv 
replaced. 

The  single  front  has  the  advantages  of  &ciUty  of  constnictkni,  »nd 
a  command  of  any  required  extent  of  aperture ;  and  enables  objea- 
glasws  of  higher  power  to  be  made  than  would  otherwise  be  pruiiaUe. 
For  example,  the  radius  of  the  front  tens  of  a  i-joth  is  fiaolt  ot'ai 
inch,  and  the  diameter  is  i-7oth.  The  difficulty,  if  not  impoiutxiity,  u( 
constructing  a  /njtf/^  of  such  almost  invisible  atoms  of  glass  nuy  ix 
imagined. 

In  May,  1856, 1  made  the  Rrst  125th  with  a  single  front  Ins  {if 
i-30th  in  diameter ;  I  am  doubtful  whether  a  triple  front  could  Iw  node 
even  of  this  size,  witli  any  positive  certainty  of  accurate  wotknumini. 

From  the  ji^lh  and  upwards,  perfect  coirection  may  be  secured  «iii 
asingle  front  It  is,  howe^'er,  barely  possible  to  makeagood  i-5th  nk 
this  form,  and  in  a  )^-inch  it  fails  altogether ;  there  is  a  kiai  of 
secondary  spectrum  that  cannot  be  got  rid  of.  It  is  not  easy  to  defioi 
all  the  reasons  why  it  should  succeed  perfectly  mth  the  highest  fcnm. 
and  the  correction  be  imperfect  with  the  lower  ones  named.  ^Iltt 
smaller  apertures  the  errors  of  spherical  nberrution  cannot  he  m 
corrected  tjy  giving  thickness  to  the  front  lens;  and  as  there  b 
siderabte  distance  tietween  ttiis  and  the  middle,  the  coloitred  rays  faa 
the  uncorrected  front  are  so  far  separated  that  any  corrective 
the  back  systems  is  incajiablc  of  recombiiiing  them.  When  on  obj 
glass  is  spherically  under<orrected,  the  focus  of  Ilie  central  rap  it 
longer  than  that  of  the  marginal  ones,  as  in  a  simple  lens.  If  all 
rays  are  brought  to  one  point,  the  interposition  of  a  plate  or 
glass  projects  the  outside  rays  to  a  grester  distance  thsn  the 
ones,  and  prtxluccs  a  similar  cflcct  to  a  concave  lens,  or  ihst  of 
correction;  and  it  is  for  this  reason  that  a  certain  ihickaas  of 
before,  or  in  the  substaiKe  of  the  front  lens  has  such  a 
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cr,  which  is  most  appreciable  witli  a  very  large  npeiture. 
is  comparatively  snwll,  as  in  a  J^-inch,  ihc  influence  of  a 
jdocs  not  appear  (a  be  suflicJent  to  enable  the  final  correction 
■ed  bj  this  means  alone,  llie  anterior  lens  must,  therefore, 
Irtly  achromatised,  or  nude  of  a  glass  of  higher  re&active 
tpersive  pUM-er  tlian  any  al  present  known. 
|l  known  that,  in  a  doublet  consisting  of  two  single  plano- 
tes,  both  the  spherical  and  chromatic  aberrations  are  con- 
is  than  in  a  single  lens  of  the  same  magnifying  power.  1 
fs  reason  proposed  to  construct  the  higher  powers  with  two 
^  in  from,  of  ctpial  radius,  as  shown  by  the  cuL  The 
hickness  should  be  thrown  in  the  first  lens.  If  they  are  set 
Ihe  magnifying  power  will  be  nearly  as  their  sum ;  they  may 
e  made  of  double  the  radius,  and  consct|uently  nearly  twice 


|p,  irtlidi,  of  course,  would  1\..-.:hii  ;lic  practical  difficulty  of 
I  i-50th,  and  enable  us  to  go  even  beyond  this  jjower.  A 
(rimcnt  with  a  ^th,  having  this  **  doublet "  front;  has  proved 

I  correction  for  colour  is  the  result     But  in  the  foTBi  tried, 

II  aberration  was  so  considerable,  as  to  rctjuire  on  entire  re- 
p.  for  which  I  have  had  no  leisure;  and  though  the  entire 
the  idea  is  yet  unproved,  I  venture  to  record  it,  in  case  I 
ife  able  to  ukc  up  this  subject  again,  as  I  am  of  opinion  that 
•ct  objcct-glftss  may  be  made  of  this  form. 

inttrKioii  Ub>cn.Bia>Hit. — These  romliinattons  are  under- 
not  suitable  fur  use  in  any  other  way.    Hie  plan  is  on 

t    ¥    a. 
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old  one,  and  objectives  were  constructed  on  this  principle  by  Amici  and 
Ross  many  years  ago.  That  such  lenses  give  brighter  and  clearer  de- 
finition, with  the  highest  powers,  from  the  i-i2th  upwards,  is  un- 
questionable. 

SSV-  On  tbc  UbaervKtlons  reqaUlte  for  CorreetlnB  fmrrt  gl»Mri 
— For  this  purpose,  a  particle  of  mercury  is  placed  upon  a  slip  of  black 
glass.  A  piece  of  watch-spring,  or  the  thin  handle  of  a  spatula,  is  held 
up  at  its  end  by  the  fore-finger  of  the  left  hand,  and  slapped  smartly 
down  on  the  mercury,  which  is  thus  beaten  into  powder,  in  the  form  of 
numerous  minute  globules.  Of  these,  a  larger  size  is  selected  for  cor- 
rection of  colour,  and  a  minute  one  for  ascertaining  the  errors  of  figure 
and  centering,  and  state  of  the  oblique  pencils. 

The  globule  must  be  illuminated  by  direct  candle  or  lamp  light,  and 
not  by  daylight,  as  the  latter  will  not  allow  perfect  correction  to  be  ob- 
tained. The  light  requires  to  be  set  as  close  as  it  can  be,  and,  of 
course,  in  the  highest  powers,  where  there  is  little  distance  in  front,  it 
must  be  very  oblique ;  but  this  is  of  no  consequence,  as  it  is  not  the 
globule  itself,  but  the  spot  of  light  reflected  from  it,  that  is  required  to 
be  seen. 

The  lens  to  be  tested  is  adapted  to  the  microscope,  having  the 
ordinary  Huyghenian  eyepiece.  On  placing  the  globule  either  in  or 
out  of  focus,  the  luminous  point  expands  into  a  ring.  If  the  object- 
glass  is  under-corrected  for  colour,  as  in  a  single  lens,  the  bright  ring 
appears  within  the  focus,  the  outer  mai^n  is  red,  and  the  inner  circle 
green.  If  the  lens  is  over-corrected,  the  bright  ring  appears  ii'il/iout  liit 
focus,  with  the  colours  in  the  same  order  as  before.  A  practical 
knowledge  only,  derived  from  these  appearances,  can  determine  the 
nmount  of  concavity  to  be  given  to  the  flint,  or  difference  of  convexity 
in  the  crown,  for  obtaining  the  desired  correction ;  but  even  in  the 
most  experienced  hands  it  generally  involves  several  alterations  to 
secure  perfect  achromatism.  When  this  is  corrected  as  far  as  practicable, 
a  pale-green  colour  only  is  perceptible  beyond  the  focus.  This  arises 
from  the  secondar)'  spectrum,  or  rel.itive  difference  in  the  width  of  the 
prismatic  colour  spaces  of  the  crown  and  flint,  and  seems  to  be  a 
variable  condition,  according  to  the  composition  of  the  glass  employed 

Though  correction  for  spherical  aberration  is  intimately  related  lo 
that  of  colour^a  single  lens,  when  finally  achromalised,  being  also 
neariy  free  from  spherical  error;  yet,  in  a  combination  of  three  pair, 
when  matched  so  as  to  be  achromatic,  this  may  be  so  considerable  as 
to  render  the  object-glass  useless,  and  is  oftentimes  exceedingly  trouble- 
some to  remedy.  The  error  m.iy  arise  from  an  improi)er  proportion 
between  the  relative  foci  of  the  lenses — as  the  back  being  too  long. 
I  have  before  stated  that,  in  the  form  that  I  have  advocated,  the 
spherical  abciration  is  mainly  corrected  by  giving  thickness  to  the  front 
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lens,  and  by  properly  adjusting  the  distance  between  them.  In  a  glass 
spherically  under-corretted  the  light  from  iht;  ylobule  is  [{rcaicst  within 
the  Tocus,  and  when  set  out  of  fucus  speedily  vanislies  and  beconacs 
diffused ;  in  the  case  of  spherical  over-correction  the  contrary  appear- 
ances result.  \\'hcn  the  relative  distance  of  the  lens  is  rightly  adjusted, 
the  ■■(•hi  spot  expands  equally,  and  is  of  the  same  inteuMty.  for  a  short 
disiaoce  on  either  side  of  the  focus,  in  which  the  globule  should  appear 
with  a  clear  bright  mar^a  The  object-glass  b  now  in  a  proper  con- 
dition for  testing  errors  of  constiuclion  and  workmanshi]*. 

To  examine  the  condition  of  the  oblique  pencils,  and  consequent 

flatness  and  distinctncM  throughout  the  field,  a  small  globule  is  selected, 

|«nd  brougbt  to  the  edge,  using  the  lowest  eyepiece ;  if  the  bright  point 

{n  the  centre  of  the  globule,  when  a  litde  out  of  focus,  approaches  to 

le  inner  eide  of  the  concentric  light-rings,  as  in  fig.  4,  it  is  termed 

ri«  •  tit  \  Fu  pi 


*' outward  coina,"  and  indicates  thai  the  front  incident  .surface  of  the 
back  triple  is  too  eennsc.  If,  on  the  other  hand,  the  bright  spot  is  on 
the  outer  side  of  the  rings,  or  next  thi:  margin  of  the  field  of  \iew,  the« 
is  '*  inward  coma,"  which  shows  that  this  same  surface  is  too  Hat  I 
have  previously  remarked  that  this  curve  has  a  powerful  effect  on  the 
of  field  .ind  perfection  of  oblique  pencib,  and  for  these  no  other 
ction  is  gencr.-illy  requisite  than  an  alteration  in  this  radius. 

Before  the  glasses  are  finally  cemented  in  their  cells,  they  should 
be  carefully  tested  for  centering  ;  for  this  puq)osc  a  very  minute  globule 
is  selected,  and  placed  exactly  in  the  centre  of  the  field.  If  the  bright 
spot  appears  eccentric,  with  the  rings  thus  (fig.  5),  the  |uir  uf  lenses 
which  occasion  the  error  should  be  shifted  on  each  other  while  warm 
enough  to  cause  the  Canada  balsam  by  which  they  are  cemented  to- 
gether to  yield,  till  on  repeated  trial  the  error  is  corrected.  Tliis  is  ira* 
portant,  as  the  least  fault  of  centering  materially  impairs  the  jKrform- 
ance  of  an  object-glus.  But  with  the  precautions  that  I  have  adopted 
in  the  construction,  10  be  hereafter  explained,  errors  of  centering  can- 
not occur. 

There  is  yet  one  other  globule  test  for  object-glasses,  to  indicate 
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accuracy  of  workmanship,  or  whether  the  lenses  are  worked  to  trot 
spherical  surfaces.  If  the  rings  from  a  minute  globule  appear  rf  an 
irregular  wavy  outline,  as  shown  by  the  annexed  cut  {fig.  6),  either  ^ 
proximating  to  a  polygon  or  triangle,  it  shows  that  one  of  the  sui&ces 
at  least  that  refracts  the  rays  is  of  this  form.  Such  workmanship  is  is- 
excusable,  and  those  that  cannot  avoid  it  had  better  let  glass^rinding 
alone. 

Finally,  there  is  an  appearance  that  I  have  sometimes  seen  in  om 
best  object-glasses,  when  focussed  away  from  a  globule,  viz.,  "  Newton's 
rings ; "  this  shows  that  in  the  contact  surfaces  of  one  of  the  pair  of 
lenses,  the  convex  is  deeper  than  the  concave,  and  bears  hard  in  the 
middle.  This  may  have  no  worse  effect  than  loss  of  light;  but  still  it  is 
as  well  avoided. 

398.  On  the  Qnalltr  of  the  C)la»  cmplorcd  In  the  CoutmetlH  tr 
•bject-BlMtes. — Under  this  head  I  can  .offer  but  very  httle  infonnation, 
for  in  common  with  all  other  workers  in  this  direction,  I  have  meidy 
made  use  of  such  various  samples  of  glass  as  I  have  been  able  to  pro- 
cure. The  whole  secret  of  the  ingredients  used,  their  proportions  and 
chemical  constitution,  is  in  the  hands  of  the  makers ;  and  though  the 
two  or  three  of  them  who  have  paid  attention  to  the  manufacture  have 
doubtless  well  studied  the  particular  application  of  both  the  flint  and 
the  crown  for  the  construction  of  microscope  lenses,  yet  the  best  thit 
we  can  procure  fells  far  short  of  the  requirements  of  the  case  for  the 
very  highest  powers. 

It  is  usual  to  denote  the  quality  of  flint-glass  by  its  densit)',  but 
this  in  reality  forms  no  accurate  criterion  of  its  dispersive  power. 
Formerly,  under  this  impression,  I  procured  a  quantity  of  dense  fliot, 
made  by  Chance,  of  Birmingham — very  hard,  white,  and  free  from 
ability  to  tarnish,  and  to  all  appearances  as  good  a  quahty  of  glass  as  1 
had  seen.  Its  density  was  3*867,  but  on  trial  I  found  it  unfit  for  the 
construction  of  the  highest  powers,  as  its  dispersive  fKJwer  was  lower 
than  the  Swiss  3*686,  or  even  the  3*630  that  I  had  employed  pre- 
viously, while  its  reflection  was  much  greater.  Some  ingredient  had 
been  added  which  increased  the  refraction,  and  probably  lessened  the 
dispersion ;  and,  of  course,  in  a  correcting  concave,  the  latter  qualitj 
alone  is  needed,  and  the  lower  the  refraction  the  better. 

The  crown  and  flint  employed  in  the  one-eighth  described  at  the 
commencement  of  this  essay,  of  the  respective  densities  of  2*437  and 
3*686,  had  a  relative  dispersive  power  of  11  to  25  ;  this  having  beenvery 
accurately  determined  by  two  prisms,  whose  angles  were  in  this  propor- 
tion, and  which  when  superposed  were  perfectly  achromatic  Faraday 
made  some  dense  flint  having  a  specific  gravity  as  high  as  6"4,  but  we 
have  no  information  relating  to  its  refractive  and  dispersive  power. 

We  are  thus  some'shat  ignorant  of  the  material  elements  of  con- 
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stniction  employed  in  the  microscope  object-glass;  and  it  would  be  very 
desirable  that  a  scries  of  experiments  should  be  made,  with  various 
combinations  of  alt  the  known  nutemls  that  can  be  used  in  gla&s* 
making,  and  the  rebutting  compounds  worked  into  ei)uilateral  prisms, 
and  their  refractive  and  dispersive  powers  utmlaled,  with  the  component 
ingredients.  A  few  yciri  back  this  investigation  would  have  been  a  very 
traobtcsome  and  expensive  one,  by  reason  of  the  interference  of  the 
Excise  laws,  and  the  necessity  of  employing  a  regular  glass  funuicc,  to 
operate  on  large  (tuanlities  at  once,  in  order  to  Ic&sen  the  effects  of 
tmpuritiesL  But  now,  by  means  of  the  recently-invented  gas  furnaces, 
the  greatest  possible  heat  may  be  coiuinanded,  under  jicrfcct  control, 
And  thus  enable  the  operator  to  combine  materials  in  very  small  quanti- 
ties without  the  intrusion  of  impurities  from  the  fuel  and  furnace-lining, 
or  crucible,  which  may  be  of  platinum.  The  results  of  the  investiga- 
tion would  unquestionably  be  vahinbic,  and  we  might  possibly  be  able 
to  discover  compounds  which  would  neutralise  the  secondary  spectrum. 
The  late  Thomas  Cooke  has  repeatedly  stated  thai  If,  while  viening  a 
dtf!kult  double  star  through  a  leleiicopc,  Rome  one  was  to  sweep  away 
the  secondai)'  spectrumr  he  would  scarcely  he  able  lo  discover  any  im- 
provement, cither  in  light  or  definition.  But  I  am  of  opinion  that  the 
case  is  different  with  a  micrus<:o|>c  object-glass,  wherein,  with  the  highest 
[wwcrs,  every  trilling  error  is  so  enormou&ly  magnified,  and  in  resolving 
the  most  dithcult  tcst<>  the  effects  of  irratioiulity  are  at  times  very 
appatent 

SB*.  Braji*  c'ciu  for  ot>irf-t.citt<Mtc«. — For  the  brass  setting  of  object- 
glasses,  it  is  necessary  tliat  the  worker  should  possess  a  good  foot-tathc; 
tf  provided  with  a  self-acting  arrangement  for  chasing  up  the  short 
screwed  (larts  of  the  cells,  this  will  insure  greater  accuracy  of  workman- 
ship. The  setting  or  metal  work  of  au  object-gkiib  must  always  be 
made  before  the  lenses  are  commenced  ;  three  steel  gauges  are  to  be 
first  formed,  of  a  width  exactly  corresiranding  to  the  diameter  of  the 
intended  lenses ;  this  gauge  I  make  out  of  a  piece  of  sheet  steel,  with 
three  arms  of  the  three  diameters  rc<]Mircd.  A  chuck  should  be  filled 
to  the  lathe,  and  cut  out  lo  the  standard  thread  now  generally  adopted 
for  object-glasses ;  into  this  the  brass  setting  is  fined,  and  each  cell 
screwed  on,  and  turned  out  in  succession  to  the  proper  si/c.  I  leave 
no  shoutdeis  at  tlie  back  of  the  cells,  but  bore  them  clear  through. 

Triblei  tubing  is  not  sufficiently  accurate  for  the  outer  shell  of  the 
highest  powers  ;  it  is  better,  thercrorc,  to  make  this  of  one  casting,  and 
bore  it  out  uf  the  solid,  from  ils  own  chuck,  and  finish  to  the  size  with 
a  fluted  rimer,  I  have  alvrays  made  the  inner  tube,  containing  the  back 
lenses,  lo  traverse  to  and  fro,  m  preference  to  the  front  lerw,  as  the 
object  is  not  thereby  lost  sight  of  during  the  aJjustment,  which  is  pei^ 
formed  in  one-third  of  a  revolution  of  the  outer  ring,  which  has  an  in- 
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clined  groov-c  cut  in  it,  acting  on  a  sacivcft  pin  connected  with  ilte 
innct  tube.  This  plan  is  more  sim|ile  in  construction,  and  ten  liabb  ts 
derangement  than  the  one  commonly  tmployed. 

•lUU.    On     Rf-dtirlnx    and    nitlHlnR    »&*■»«    tt    Blan    tmt    mwOm 
rurpoBM.^For  this,  ihc  bniilif)-  sUccr  and  dlimunil  dmt  are  gencallj 
emplovfd.     Discs  of  gluss  .ve  split  into  slices  by  ihc  working  UpuUntt 
at  such  a  trilling  cost,  that  it  is  scarcely  worth  while  for  the  amiueui  to 
aiicmjii  ii.     Should,  however,  a  small  and  rare  sample  be  :■■ —  '■-  '■ 
retjuired  for  cxperiincnt.  It  may  be  readily  sliced  with  a  ci:< 
soft  iron,  running  in  the  foot-lathe,  and  fed  with  flour  emery  and  waui, 
the  edge  of  the  sUcer  must  be  frequently  notched  with  the  sharp  an^ 
of  an  old  file.     The  ^tample  of  gLi<»  or  niincrat  is  cemented  lo  tlit-  ratL 
of  a  staff,  and  held  pn:fcrably  in  the  slide-nest     If  the  screw  of  ■■ 

is  taken  out  and  the  .slide  made  slack,  the  work  can  be  thruU  uj - 

Blicer  with  the  pressure  of  the  fingers,  and  there  is  less  ci&k  of  fisciuir— 
from  undue  violence,  'llie  sliced  glass  is  cut  into  si|ujrcs,  ;i  liti 
exceeding  the  diameter  of  the  intended  lenses,  by  means  of  a  j;bi 
diamond,  and  the  comers  rounded  off  with  a  pair  of  uplicaan's  "slant 
or  nibbleis,  which  are  a  species  of  pliers,  made,  in  preference,  ol'  sw«l; 
iron,  as  this  grips  the  glas^  without  slipping,  as  hard  steel  would  •S- 
This  instrument,  of  a  Eai^r  size,  is  capable  of  removing  stiven  of  gla 
&om  the  edges  of  a  plate  upwards  of  one  inch  in  thickness. 

All  glass  is  much  softer  than  hardened  steel ;  but  if  this  Is  set  to  n-r^ 
in  a  dry  slate,  the  lieat  generated  at  the  working  or  abrading  point  softe   _ 
the  cutting  edg^  and  speedily  desRo)-s  its  action  j  but  if  some  niipcc^ 
tine  is  applied,  this  quite  jircvents  the  softening  of  the  tool.     Id  C%| 
lathe,  or  with  a  common  Archimedean  drill,  holes  may  be  drilled  thrcn^i 
thick  plate-gloss  with  surprising  rapidity,  if  kept  well  bathed  in  mrpciK 
tine.     Masses  of  glass  may  also  be  turned  In  the  lathe  with  a  stcc!  toui 
if  plentifully  supplied  with  turps,  and  run  at  a  moderat*:  8(>eed. 

The  first  cxpcrimcncal  panibolic  condensers  were  made  fraai  {ilaic 
glass  i^  inches  thick;  pieces  of  this  nibbled  rudely  to  form,  mtc 
cemented  on  to  a  chuck.  The  X'l^^^  "^^  ^^^^  placed  nearly  on  i 
level  Willi  the  top  of  the  work,  and  an  old  triangular  saw-filc,  kept  shaqi 
on  oiu  side  only  by  repeated  applications  to  ibe  grindxlonc,  was  liua 
held  on  the  rest,  so  as  lo  attack  [he  revolving  glass  slantways,  or  i[io\«- 
shavc  lashion,  with  plenty  of  turpentine.  By  these  means  the  glass  nt 
quickly  reduced  to  form,  so  as  to  Rt  the  template ;  and  the  ndxe»  IcA  b) 
the  file  were  swept  away  by  means  of  small  leaden  laps,  fc<i  with  emery 
and  water  of  inaeasing  fineness.  The  poli^  was  obtained  bjr  a  raUxr 
of  willow-wood,  cut  crossways  of  the  grain,  used  with  crocus  (penni4e 
of  iron)  and  water,  and  at  last  a  lump  of  beeswax  with  TCiy  6ne  cnas 
was  employed  for  llie  final  polish. 

For  worluog  small  concave  lenses,  as  ncarljr  as  poisiblc  to  tbeir  6itil 
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I.  a  great  deal  of  accurate  and  slulfiil  turning  ts  required.     For  this 
'  "ork  steel  tools  are  quite  unsuilcd,  and  ilinmond  points  are 

'■  y  used.     The  common  practice  of  tuounttiig  ehese  lias  been  t» 

wider  them  with  brass  and  borax,  by  means  of  the  blowpipe,  into  the 
nd  of  a  steel  lube  about  the  si/e  of  a  watch-key.  leaving  a  hole  behind 
o  prevent  the  diamond  from  being  blown  out  during  the  fiuuon ;  but  I 
never  found  this  method  secure  for  small  ^Unters.  The  brass  has 
no  afiinity  for  the  diamond,  but  rather  lends  to  avoid  it ;  and  this 
uenily  only  held  in  by  the  glaze  or  flux.  The  loss  of  several 
ndii  induced  me  to  abandon  this  practice,  and  since  adopting  the 
lUowing  mode  I  have  never  lost  one. 
I  lake  a  piece  of  copper  wire,  about  t-tzth  of  an  inch  thick, 
fnd  drill  a  shallow  hole  in  the  end,  of  the  size  arul  depth  rc<iuiTcd  10 
faflttin  the  diamond,  fig.  7.  A  piece  of  steel,  turned  out  with  a  bell- 
^H  'It  PS '  i^t  • 

ft  oath,  and  hardened,  is  shown  in  hg.  S.  This  is  spun  rapidly  in  the 
Mhe,  a  drop  of  oil  w  applied,  and  the  end  of  the  copper  rod  conuining 
be  diamond  is  pressed  hard  in,  at  the  same  time  giving  it  a  shghc 
piling  motion.  Speedily  the  copper  is  compressed  tightly  round  the 
Ibunond,  a$  in  tig.  9,  which  becomes  very  lirmly  imbedded  in  the  soft 
petal ;  and  if  the  operation  is  carried  too  far,  the  copper  rises  over 
ue  point  and  completely  buries  the  sidinter. 

I  By  mutual  abra.sion,  the  diamonds  rapidly  grind  each  other  away, 
ind  two,  mounted  in  nrires  in  this  way,  may  be  kept  mutually  to  a 
narp  point,  by  chucking  one  in  the  lathe  and  using  another  as  a 
^ning  tool  In  employing  these  diamonds  for  turning  glass,  no- 
uticulu  direciions  are  needed ;  they  seem  to  ctit  railicr  better  if  the 
qHc  is  kept  slightly  moist. 

The  most  convenient  way,  for  the  amateur,  of  reducing  the  substance, 
r  giving  the  rough  rounded  form  to  small  lenses,  is  a  large  plate  of  zinc 
pd  coarse  emery  and  water ;  iron  i.s  too  hard,  lead  too  soft,  and  copper 

ionous. 

I.  or  tbe  Pawdrni  employed  for  VrindliiK  mnd  PBllaUnB  filwM. — 

ses,  emery  is  almost  invariably  employed  fur  rough  grinding  and 

'thing.     For  the  latter  operation  it  must  be  washed  to  various 
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degrees  of  flnentissj  as  it  is  seldom  sold  in  this  stale ;  the  sues  in  cam- 
merce  are  merely  sifted.  Emeiy  diSers  much  in  hardness  and  qoibi^, 
according  to  the  locality  from  which  the  ore  is  obUiined.  If  it  i>  full  ef 
small  reddUh  ^sirticies,  of  a  dull  slaty  appeaiance,  it  is  soft,  and  deft 
deni  in  the  grinding  property.  The  Guernsey  emor>'  is  of  thii  cbuact*. 
and  very  inrcrior  to  t)ie  Saxoi,  the  particles  of  which  have  a  otdj 
appearance  of  unifonn  colour  ;  but  this  latter  is  dilBcoU  to  obtam,  uii 
is  monopolised  by  some  of  the  large  plate-glass  manu!aclurc«.  Ttm 
or  four  sizes  arc  sufficient  for  the  gloss  worker  tor  roughing  dotm  mt 
line  grinding ;  but  for  smoothing,  washed  emery  of  several  depta  ef 
fineness  are  required.  A  portion  of  the  Hour  of  emery  of  commcRtJi 
placed  in  a  bowl,  oc  a  common  wash-hand  basin,  and  well  ittrrrJ  u|< 
At  the  end  of  ten  seconds  the  water  is  poured  into  another  bov^  i 
repeated  several  times,  till  no  more  can  be  withheld  from  the  ui'^nm 
f|uantity.  This  washed  quantity  is  again  separated  into  sevcaal  ahe 
degrees  of  fineness,  as  at  the  end  of  one  minute,  five,  twenty,  and  tiiif 
minutes ;  but,  after  one  hour,  a  very  small  quandty  is  obtained  from  tat 
pound  of  the  flour  of  commerce.  Thus  I>etng  nf  ^-alue  for  the  iwftction 
of  the  fmal  smoothing,  or  obtaining  a  semi-polisli  on  the  metal  Ia|i  f 
mould  itself,  I  have  preferred  procuring  it  fium  the  "optician's  mod,' 
or  refuse  of  the  previous  grinding  opcntivnii.  Taken  in  on  tuiprcptnd 
state,  this  contains  a  large  percentage  of  impurities,  consisting  of  gliNod 
glass  and  mclal  particles  from  ttie  lap» ;  it  ist,  therefore,  neccttat;  lo 
remove  them.  The  first  by  boiling  the  mud  with  caustic  potuh,ifti 
after  washing  away  all  trace  of  the  alkali,  finally  lic-ating  with  dihie 
sulphuric  acid  The  finest  portion  only  of  one  hours  su' 
Uien  be  scparate<l  and  in  a  satisfiidory  quantity. 

The  polishing  powders  used  by  the  workers  of  mmuic 
putty-powder,  or  oxide  of  tin,  and  crocus;,  or  peroxide  of  iron, 
first  may  he  obtained  sufficiently  good  without  any  difBculty;  but  afict 
many  trials,  both  by  roasting  the  alkaline  precipitate  from  sutphoie  of 
iron,  and  also  cazefutly  washing  the  crocus  of  commerce,  I  have  ^va 
the  preference  to  jeweller's  rouge,  sold  by  Actoo,  of  Farringdon  Stie^i, 
In  this  form  it  is  far  loo  soft  for  glass  polishing;  it  must,  t!i  -■'■" 
Ijc  healed  in  an  iron  pot,  and  diligently  stincd  till  the  mass  a.     - 
purple  colour ;  it  is  then  of  the  re^|uisitc  degree  of  hardness.     Botii  iku 
and  the  putty-powder  must  be  washed,  to  separate  gritty  particles ;  al-uei 
five  minutes  will  be  sufficienL  After  obtaining  all  that  can  he  sus[wrndnl 
in  this  lime,  liie  residue  may  be  levigated  on  an  iron  jibte,  with  a  «£ 
iron  spatula,  and  the  washing  continued  at  pleasure ;  but  the  resuli  of 
all  the  washings  is  sure  to  contain  some  gritty  panicles,  which  mitube 
separated  by  relocated  washings  till  nothing  whatever  will  settle  at  liie 
end  of  five  minutes.     Two  sizes  of  crocua  only  .ire  iKcdcd  ;  the  Ust 
is  obuined  from  the  washed  mass  after  one  hour's  sui^iouiOD,  and  ii 
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ray  8nmU  in  quantity  but  or  much  value  for  obtaining  the  finest  polish 
on  prism  work,  either  in  glass  or  calc  sjsir.  The  ordinary  washed 
ctDcus,  used  alone,  I  have  found  too  keen,  and  apt  to  cling  10  and  raise 
streaks  on  the  polishing  laps ;  I,  chcrcrore,  always  mix  it  with  an  tt\\ial 
piit  of  the  pmiy-powder,  which  rjtiitt  remedies  the  t\-i\ ;  an  uniform 
future  is  best  obtained  by  stirring  them  together  with  water. 
^HaoX.  On  iht  rradBCtlon  af  PlAt  Sarntr»  u  ttUui. — The  most 
nnpoftaiit  tools  reiguircd  fur  l})e  work  ate  three  circular  cast-iron  taps, 
about  6  inches  in  diameter,  having  a  screwed  boss  at  the  bock,  similar 
to  the  face-chuck  of  a  lathe.  These  must  be  6rst  turned  flat  on  their 
ikces,  and  then  scraped  to  a  true  surface,  either  from  a  standard  piano* 
meter,  as  practised  by  engineers,  or  else  the  ihrec  may  be  scraped 
together  till  no  error  can  be  detected  by  their  interchange.  It  would, 
lerhj-jK.  be  out  of  place  to  give  the  details  of  this  operation,  which 
Is  described  111  nHJst  elementary  works  on  mechanism.  These  |)lancs,  as 
c(t  by  the  scra]>er.  arc  not  sufficiently  smooth  for  the  purpose  re^^uired ; 
^hcy  must,  therefore,  be  ground  together.  One  of  the  plates  is  ficrew«d 
Jown  on  a  stud  fixed  in  the  bench  or  vice,  and  a  wooden  knob  is  fixed 
nto  the  other  to  servo  as  a  handle  ;  they  arc  then  rubbed  together  with 
fine  emery  and  water,  frequently  interchanging  the  plates.  It  is  a  very 
difficult  matter  to  bring  these  plates  10  an  exact  plane  by  grinding  alone, 
ixnd  to  keep  them  so  during  their  continued  employment.  The  lest  ol 
their  truth  is,  that  afier  they  arc  all  wi{>e(l  clean  and  dry  and  rubbed 
together,  the  diree  should  present  a  mottled  appearance,  uniformly 
covering  the  whole  of  their  surfaces.  One  cause  of  error  is  a  natural 
tendency  of  the  grind! ny- powder  to  collect  unetjuaJly  between  them. 
Thii  may  be  somewhat  coirccted  by  frequently  wiping  it  away  from  the 
places  known  to  be  hollow  ;  and  the  grinding  together  should  be 
performed  «*ith  as  little  powder  as  possible  at  a  time,  and  the  strokes  so 
managed  as  to  abrade  the  high  parts  only.  Practical  experience  is  the 
best  guide  for  this;  and  a  clever  workman  will  soon  Icim  in  what  way 
and  direction  to  work  his  blocks  of  glass,  &c.,  on  the  laps,  with  vciy  little 
injury  to  their  plane  figure-,  or  even  for  the  purpose  of  correcting  iL  Id 
considemlion  of  the  extreme  accuracy  required  in  the  prisms  for  spectro- 
scope and  other  purposes,  no  pains  should  be  spared  in  niainiaining  the 
perfection  of  these  laps. 

If  A  number  of  discs  of  glass  intended  for  small  lenses  arc  required 
to  be  ground  and  polished  to  a  flat  plane,  they  must  be  cemented  to  a 
'•block  ;"  this  is  frequently  merely  a  piece  of  wood  turned  with  a 
convenient  knob  at  the  back  for  handling;  other?  use  a  metal  plate. 
Woo<l  is  handy  for  its  tightness,  but  it  is  liable  to  warp  during  the 
polishing  oper.ition,  and  so  shift  the  discs  ;  to  obviate  this,  I  screw  a  flat 
piece  of  slate  to  the  face  of  the  wooden  block,  with  a  few  common 
wc^  screws. 
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The  ccnaent  used  for  ilie  glasses  is  ciihrr  pitrti  hardened  with  some 
shellac,  or  common  black  sealing-wax.     For  a  snrnll  scries  of  cities, 
a  block  of  about  -t  inches  in  diameter  wilt  be  found  most  manageable; 
The  pieces  of  glass  cemented  on  this  are  arranged  symmetrically,  ieaviq 
as  little  interval  between  them  as  possible.    They  arc  now  roughed  down 
on  tlie  zinc  plate  till  they  are  all  brought  to  one  level ;  they  a«  thci 
washed  with  a  nail-brush  and  well  rinsed,  and  line-ground  on  one  gf  tli« 
laps,  and    next  sraoothcd  on  a  circular  piece  of  cast-iron,  but  UttJt 
exceeding  the  diameter  of  the  block  of  discs.    This  smaller  lap  musi  Iw 
carefully  ground  to  a  true  plane  on  the  larger  ones.     A  litde  of  ibe 
finest  washed  emery  and  water  is  spread  over  this  lap  with  a  fcaihei.aod 
the  glasses  worked  upon  it  in  ever}-  direction,  holding  the  lap  Id  ooe 
hand  and  the  block  in  the  other,  and  occasionally  turning  both;  Ikbis 
continued  till  the  emery  begins  to  get  dry,  the  glasses  arc  then  wJjfctd 
and  wiped  dry,  and  the  smoothing  proceeded  with;  but  no  morcwiff 
must  be  applied  to  the  lap.    This  is  now  moistened  by  amply  hreslluil| 
on  it.   In  a  few  minutes  the  lap  will  again  become  dry ;  remove  the  block) 
and  iiipe  all  the  emery  away  about  ^ths  of  an  inch  from  round  ibe 
circumference  of  the  lap ;  breathe  on  it  again ;  continue  the  smooitnij, 
and  also  wij>c  the  cmciy  away  from  the  outside  till,  finally,  scucelj  OT 
is  left,  and  the  glass  is  nearly  finished  on  the  metal  itselC    If  this  i>[<n' 
tion  is  pro[)erly  conducted,  the  glass  will  have  a  transparent  sutbce  frV 
from  scratches  and  greys,  and  so  near  a  polish  that  a  few  minuteioni; 
on  the  polishing  lap  will  be  required.     But  one  rule  must  be  ttricdf 
adhered  to,  vii,,  never  to  polish  a  glass  surface  with  any  scratcJio  i* 
it     It  is  worth  while  to  spend  any  amount  of  lime  in  smoothing  ol^ 
than  do  this,  and  the  operation  must  be  repeated  again  and  a^E^in,  tiO  oft 
scratch  whatever  can  be  discovered.    It  is  quite  evident  that  to  oUiiwDc 
a  scratch  by  polishing,  the  ^idiolc  suHace  must  be  worked  away  till  dtc 
bottom  of  it  is  readied.    This  makes  the  opendon  long  and  ^ 
tedious,  and  is  abnost  certain  to  injure  the  perfectly  flat  plane  wbck 
has  been  obtained  by  careful  smooiiiii^ 

It  is  a  difiicult  and  hazardous  task  to  poU&b  glass  oa  hard  metil^  JB 
the  surface  is  very  liable  to  tear  up.  Consequently,  the  usual  $yit«n  i* 
to  employ  a  soft  and  portly-yielding  material,  in  which  the  panid«  ^ 
polishing  powder  may  be  imbedded.  For  being  the  lap,  I  va^ 
beeswax  hardened  with  resin,  and  stir  some  finely-washed  ochre  inlo  die 
melted  muture.  The  lap  itself  is  simply  a  bnss  plate,  about  j  mdiai> 
diameter,  which  screws  on  to  the  lathe  mandnl ;  some  of  the  aba** 
material  is  poured  on  to  thii,  and  spread  over  a  laj-er  of  about  i-i6lh  ^ 
an  inch  thick.  When  «old,  it  is  turned  off  flat,  and.  to  make  it  p*- 
feoiy  true,  the  whole  face  is  scraped  off  at  once  with  a  hardened  ^ 
amine  straight-edge.  An  old  parallel  cotter  file  win  aiawet  the  pi«r><t 
ground  bom  both  side»  like  a  blunt  knife,  and  finally  corrected  on  coe 
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ist-iron  laps  with  emery.  A  series  of  shallow  groores,  about  an 
th  of  an  inch  asunder,  are  now  turned  in  the  wax,  and  some  cross 
tcbes  made  radiating  from  the  centre,  from  which  a  piece  should  be 
n  out.  The  polishing  powder,  constating  of  a  mixture  of  crocus  and 
y-powder,  before  described,  should  be  mixed  in  :i  small  gallipot  with 
ity  of  water,  and  applied  to  the  lap  with  a  feather.  The  laihe  is  now 
at  a  pretty-quick  speed,  and  l]ie  block  of  glasses  worked  over  it 
'Very  direction  with  considerable  pressure.  If  the  smoothing  has 
1  i<roperIy  done,  as  directed,  a  few  minutes  will  suffice  lo  give  the 
lisitc  polttih,  which  is  seen  to  take  place  equally  alt  over  the  glasses; 
if  onv  scratches  should  develop  themselves,  it  is  belter  to  repeat  the 
othing  than  attempt  to  polish  them  out.  This  same  method  is 
iloyed  if  the  glass  were  one  continuous  plane  instead  of  numerous 

For  minute  prism  work,  where  the  size  is  requited  to  be  only  just 
■cienl  to  transmit  or  reflect  the  pencils  from  a  microscojie  objecl- 
St  and  the  surface  has  to  be  perfcaly  up  to  a  shaqj  edge,  somewhat 
rrent  practice  must  be  adopted ;  for  however  careruUy  the  smoothing 
>olishing  may  be  performed,  a  rounding  of  the  extreme  edge  always 
urs.  To  obmte  this,  the  edges  must  be  guarded,  as  in  tlie  following 
mples : — A  [fig.  lo)  is  a  prism  to  be  worked  to  a  very  acute  angle. 


m.  tn 


r.».n 


liece  of  glass  (fig.  to),  large  enough  for  the  purpose,  having  one  side 
ishcd,  is  cemented  with  Canada  balsam  to  a  parallel  plate  of  glass 
;  they  arc  then  ground  ufi"  logeiher  to  the  requited  angle  and 
tthed;  the  marginal  error  will  be  taken  up  by  the  lonxr  end  of 
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the  tinder  plate.  It  would  be  impossible  to  make  an  acute  wedge  o( 
this  figure  in  any  other  way,  and  when  separated  it  will  be  found  to  have 
a  knife-edge  perfect  in  the  extreme. 

Another  example  may  be  described  from  my  practice  in  making  the 
first  prisms  for  the  binocular  microscope.     A  (fig.  ii)  is  an  end  view  of 
the  intended  prism ;  this  is  supposed  to  have  been  a  block  of  glass 
of  laiger  size,  with  one  polished  surface  cemented  with  Canada,  balsun 
on  to  the  guard-plate  (B);  the  front  and  back  reflecting  sur&ces  are 
then  smoothed  and  polished ;  these  are  then  covered  with  guard-plates^ 
and  the  top  emergent  surface  of  the  prism  ground  off  and  polished  to  tbe 
dotted  line  (C,  C).     It  will  thus  be  seen  that  every  comer  of  the  prism 
is  protected  during  the  working,  and  is  kept  absolutely  perfect  to  the 
edge.    The  prisms  were  made  sufficiently  long  to  be  cross-cut  into  thm 
or  four.     The  smoothing  was  performed  in  accordance  with  the  ftm- 
going  directions,  but  the  polishing  lap  was  required  to  be  much  snuUer. 
The  one  I  employed  was  only  i  j4  inches  in  diameter.     If  a  large  lap  is 
used,  the  polish  is  apt  to  commence  on  the  margins  of  the  glass ;  and  ii 
this  is  the  case,  a  true  reflecting  figure  will  never  be  obtained.    ITic 
polish  should  begin  in  the  centre  and  spread  to  the  outside    Tie 
proper  angles  for  these  prisms  were  set  off  by  a  graduated  steel  sector, 
and,  as  the  measurements  have  to  be  taken  from  the  back  of  the  giuid- 
plates,  it  is  necessary  that  these  should  be  exactly  parallel ;  if  not  so, 
they  must  be  ground  on  the  surface-laps  till  all  the  edges  gauge  alike. 

I  may  here  remark  that  I  am  merely  recording  what  has  been  my 
own  selfacquired  practice,  and  which  is  perhaps  neither  the  most 
expeditious  nor  easy.  My  best  apolc^  must  be,  that  I  have  alwaj-s 
secured  perfectly  accurate  results  by  these  methods,  and  when  a  few 
only  are  required,  I  must  confess  that  I  do  not  see  a  better  way.  But 
the  great  demand  that  has  arisen  for  binocular  prisms  has  induced  the 
makers  to  discover  a  plan  of  working  than  in  blocks,  a  number  al 
a  time,  the  parriculars  of  which  I  do  not  pretend  to  explaiiL 

Some  very  excellent  prism  work  is  produced  on  the  Continent,  and 
as  the  mode  of  polishing  is  peculiar,  it  may  be  worth  while  to  record  it 
Chevalier  and  Co.,  of  Paris,  through  Messrs.  Beck,  politely  sent  me  an 
explanation  of  the  process,  together  with  a  sample  of  all  the  grinding 
and  polishing  materials  used  in  their  business.  After  the  surface  of  the 
prism  is  smoothed,  a  piece  of  very  thin,  smooth  paper  (much  resembling 
photographic  negative-paper)  is  cemented  by  its  extreme  ends  with 
a  little  gum  or  dextrine  to  the  metal  lap ;  a  lump  of  yellow  tripoli 
(labelled  "  Tripoli  de  Venise  ")  is  then  rubbed  dry  over  the  paper,  and 
the  prism,  also  dry,  polished  thereon  by  hand  movement ;  generally  not 
more  than  two  or  three  applications  of  the  powder  are  required.  1  hare 
tried  this  method  with  the  identical  paper  and  polishing  material,  but 
must  state  that,  in  my  hands,  the  result  has  not  been  satisfactory  for 
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aocunKy,  at  least  in  very  small  prisms ;  for  larger  ones  it  may  answer 
better. 

I  403.    Sn   Ibc    PrMlurtlnn  Of   Hphcrlrftl  MurAMa   In   etawM. — As  the 

■  radii  required  in  the  construction  of  microscopic  oliject-glasses  are 
seldom  vcr>'  long,  the  templates  for  all  sizes  above  i-5th  of  an  inch  in 
diameter  are  usually  made  of  steel,  such  as  thin  saw,  spring,  or  busk- 

■  steel,  not  softened,  but  turned  hard,  as  obtained.  A  hole  is  punched 
through  the  middle  of  a  square  plate  with  a  centre  punch,  the  wliole  is 

I  then  rounded  out  with  a  taper  rimer.  The  piece  of  steel  is  next  broken 
round  as  near  as  possible  to  the  size  of  the  circle  required,  by  damping 
it  in  the  vice  and  driving  off  the  surplus  metal  round  the  edge  with  a 
diisel  held  close  to  the  jaws.  This  steel  plate  is  driven  on  to  a  mandril 
so  as  to  turn  true  without  any  wabble.  The  lathe  is  run  at  a  low  speed, 
and  the  X-rest  placed  rather  high  near  the  top  of  the  work,  which  is 
tamed  true  with  the  common  stiuare  graver  held  over-hand.  The 
chamfered  cd)je  of  the  templates  may  form  an  angle  of  90",  Every 
convex  template  should  have  its  counterpart  or  concive ;  the  steel  jiLite 
lo  form  this  is  dam|«d  flat  on  to  a  face-chuck  by  a  ring  with  two  oppo- 
Hlc  screws  lapped  into  the  plate.  The  inner  circle  is  turned  out  with 
aside  tool,  consisting  of  an  old  saw-file  ground  to  a  point  on  the  three 
lices^  The  turning  is  continued  till  the  disc  or  gauge  just  drops 
through  ;  the  inner  edge  is  then  chamfered  from  both  sides. 

Gauges  below  c-jth  of  an  indi  in  diameter  are  made  from  steel  wire 
turned  10  the  fonn  shown  in  fig.  15,  p.  451.  I'he  disc  end  is  hardened 
by  heating  it  with  the  lamp  and  blowpipe,  and  quenching  it  in  oil,  and  the 
counter-gauges  are  most  easily  formed  by  a  counter-sink  rose-bit  run  in 
U)£  lathe.  The  plate  of  steel  Is  chamfered  out  alternately  from  opposite 
sides,  by  forcing  it  up  on  the  socket  of  the  back  centre,  till  the  disc 
irjil  i«ss  through  ;  the  hollow  templates  are,  of  course,  cut  in  half  before 
they  can  be  used. 

An  instrument  for  measuring  the  diameter  of  the  discs,  &c.,  is  in- 
fwpensable.     It  consists  of  a  pair  of  sliding  steel  jaws,  with  a  vemici 
jtnd  noniiLi  capable  of  being  read  off  to  thousandths  of  an  inch,  and  is 
ItJ  t>y  tXuz  watch  tool  makers. 

The  moulds  for  grinding  minute  lenses  arc  always  of  brass;  they 

^j3.is*^  used  in  i*airs.    The  concave  is  turned  out  to  gauge,  and  the 

Co   tiie  counter-gauge.      For  small  radii  the  hard  gauges  arc 

sised  for  the  la.<;t  correction,  as  a  turning,  or  rather  scraping  tool. 

^>^  >sliod  by  grinding  the  two  moulds  together  with  the  finest  emerj". 

^^■''*^   is  some  difference  in  practice  between  the  grinding  of  lenses 

"^^S      And  short  radii.     In  the  former,  as  for  telescopes,  the  gl.isses 

=^*^»     t>r  have  but  a  ver>'  slow  rotary  movement,  and  the  coi»cave 

•'■Jted  over  them,  either  several  at  a  time  in  blocks,  or  else,  if 

<:urve  is  required,  only  on  one  single  disc  \  this  is  placed  in 
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the  centre,  and  a  number  of  smaller  pieces  of  glass  planted  round  the 
circumference  to  support  the  figure,  the  whole  being  ground  as  <Mt 
But  in  the  lenses  to  which  this  paper  particularly  refers,  the  concaTt 
tool  is  invariably  caused  to  revolve  rapidly,  and  the    convex  lem 
worked  into  it     For  the  longest  radii  and  lowest  powers  the  ordinaiy 
foot-lathe  is  suitable,  but  this  is  not  so  well  adapted  for  grinding  and 
polishing  very  minute  lenses.     A  bow  lathe,  such  as  used  by  watch- 
makers for  heading  their  screws  and  other  purposes,  is  far  preferable. 
This  tool  is  represented  half  size  in  fig.  12,  p.  451,  and  scarcely  needs  ex- 
planation ;  it  has  a  hollow  screwed  mandril  and  X')*^^  ^'^^  '^  ^^'<^  ^ 
the  vice  by  the  tongue  at  thebottom.    The  pulley  has  three  speeds,  the 
smallest  of  which  is  ^tn.  in  diameter ;  it  should  also  have  a  socket  for 
carrying  a  fixed  magnifier,  under  which  the  minutest  lenses  are  tumed 
The  best  bow  is  an  old  fencing-foil  ground  down  so  as  to  be  very  thin 
and  light     Catgut  does  not  answer  well  for  the  string,  as  it  soon  jets 
frayed  out  over  the  small  pulley.     I  have  found  the  best  packing-twine 
preferable.     During  work  this  is  kept  slightly  moist,  and  rubbed  mth  a 
piece  of  soap ;  in  this  way  a  length  of  it  will  outlast  a  day's  work,  esp^ 
■cially  if  a  little  more  twisted  before  it  is  attached  to  the  wire  hook  at 
the  top  of  the  bow.     A  surplus  stock  of  string  may  be  wound  about  the 
guard,  just  above  the  handle,  so  that  it  can  be  drawn  out  as  required 

The  same  rules  for  guarding  the  extreme  edges  of  lenses  should  be 
observed,  as  described  in  prism-work,  shown  by  the  following  examples. 
Fig.  13  a,  represents  a  plano-convex  lens  which  has  been  made  and  finished 
upon  a  flat  disc  of  glass,  to  which  it  has  been  attached  with  hard  Camda 
balsam.  The  two  discs  are  cemented  to  the  stick  with  black  sealing- 
wax  ;  the  lens  and  supporting  disc  are  rough  ground  on  the  zinc  plate 
till  they  nearly  fit  the  concave  gauge ;  they  are  then  ground  in  the  brass 
mould  till  the  lens  measures  very  nearly  the  diameter  required,  leaving 
a  small  allowance  for  smoothing  and  polishing. 

For  double  convex  lenses,  the  disc  of  glass,  cemented  on  a  stick  as 
usual,  is  first  ground  and  polished  on  one  side.  A  piece  of  glass  tube 
of  suitable  size  is  selected  for  a  handle,  and  the  end  of  the  bore  ground 
out  to  a  similar  radius  ;  the  polished  side  of  the  unfinished  lens  is  then 
cemented  into  this  concavity,  and  the  lens  and  tube  ground  and  [wlished 
off  together,  as  shown  by  fig.  13  d,  taking  the  same  precautions  as  before 
to  work  the  lens  up  to  the  exact  diameter  required.  The  end  lines 
show  the  rough  disc  as  cemented  down.  By  this  method  all  the  mar- 
ginal errors  are  taken  up  by  the  glass  tube-holder,  of  which  an  assort- 
ment of  various  sizes  will  be  required,  from  a  minute  bugle  up  to  half 
an  inch  in  diameter.  Before  using  the  holders  again  for  other  lenses, 
tiie  end  must  be  ground  out  on  each  occasion,  so  as  to  increase  the 
diameter  of  the  cup.  The  lens,  when  taken  out  by  being  warmed,  will 
have  a  knife-edge  perfect  in  the  extreme. 
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In  minute  lenses,  some  difficulty  wilt  be  experieaced  in  obtaining 
the  measurements  by  means  of  ^uge  instruments,  wlien  near  the  rigbt 
dianteter.  I  therefore,  for  small  siies,  always  use  the  microscope  with 
micrometer  eye-piece,  having  previously  taken  the  exact  size  from  the 
diameter  of  the  cell  in  which  the  lens  is  to  go.  This  is  very  accurate 
and  convenient.  AAer  the  ^nishcd  lens  is  taken  out  of  the  holder,  tf  it 
should  be  found  too  large  to  enter  the  cell,  it  may  be  slightly  cemented 
to  the  end  of  a  wire,  and  tft-Lited  into  a  piece  of  the  finest  emery  paper, 
held  in  a  hollow  form,  and  the  keen  edge  is  taken  off  Kll  it  )iasses 
through. 

Tlic  single  fronts  for  the  highest  powers,  from  their  foirn,  do  not 
admit  of  being  ground  in  this  way.  A  piece  of  brass  or  steel  is  screwed 
into  the  mandril,  and  the  end  turned  of  a  siie  to  enter  the  cell  into 
which  the  lens  is  to  go ;  the  end  is  turned  nal,  or  rather  slightly  hollow, 
and  the  centre  taken  out.  A  piece  of  crown-glass  is  cemented  by  its 
polished  side  to  the  flat  end,  with  the  best  orange  shellac,  and  turned 
with  the  diamond  point  till  it  nearly  enters  the  cell  The  last  finidi 
may  be  given  by  fine  emery  paper  wrapped  round  a  flat  piece  of  hard 
wood.  The  cxtrL-mc  end  of  the  glass  is  then  turned  ofTflat,  till  it  equals 
the  thickness  of  the  intended  lens,  from  the  apex  to  the  flat,  as  measured 
by  the  jaws  of  the  gauge ;  the  lens  is  next  turned  off  by  the  diamond  to 
the  curve  required,  as  shown  in  fig.  14  ;  and,  finally,  Ihe  chuck  is  te- 
mov-ed,  and  the  lens  ground  and  polished  in  the  mould  as  usual  In 
all  cases  of  cementing  lenses  on  to  chucks  in  this  way,  care  must  1)e 
taken  that  they  are  well  pressed  down,  so  that  the  layer  of  cement  may 
be  of  the  same  thinness  all  round,  otherwise  the  lens  will  be  tilted  and 
out  of  centering  from  unec|uat  thickness.  When  taken  off,  the  lae  may 
be  denned  off  with  alcohol. 

A  similar  mode  of  chucking  is  employed  for  a  plano-eonca\*e  lens. 
lite  |K}lishcd  flat  side  of  the  flint-glass  is  cemented  10  the  chuck,  made 
just  to  enter  the  cell ;  but  in  order  to  appreciate  the  thickness  in  the 
centre,  the  circumference  of  ihe  disc,  after  it  is  turned  to  fit  the  cell,  is 
|x>lished  with  a  piece  of  hard  wood  and  crocus.  The  concavity  is  then 
turned  out  a  trifle  deeper  than  the  radius  of  the  circular  gauge,  till  a 
tncnc  line  of  light  only  is  observable  by  looking  through  the  polished 
edges.  The  chuck  is  then  removed  from  the  mandril,  and  the  lens 
thereon  ground  and  finished  on  the  convex  tools. 

For  a  double  concave  lens,  such  as  is  tiscd  for  a  triple  back,  the  end 
of  the  chuck,  instead  of  being  flat,  must  be  convex,  to  match  the  radius 
of  the  concave  surface  of  the  disc  of  glass  that  it  is  to  receive,  this 
liaWug  been  previously  ground  out  and  polished  indciicndently  in  the 
usual  way  of  cementing  it  on  to  a  stick  ;  but  as  the  curves  are  shallow, 
it  is  best  not  to  turn  the  disc  down  to  the  intended  size  at  once,  but 
Igve  it  much  larger  than  the  cell  or  chuck  (fig.  16],  and  aftet  it  is 
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polished  as  before  directed,  the  chuck  is  ag^un  screwed  into  the  mandiil, 
and  the  lens  turned  down  so  as  to  fit  the  cell ;  this  is  done  in  order  to 
avoid  the  marginal  errors  which  would  arise  &om  working  a  shallow 
curve  of  small  diameter. 

The  same  precautions  have  to  be  observed  in  smoothing  lenses  as 
directed  for  prism-work ;  the  finest  emery  is  used,  and  the  requisite 
moisture  applied  as  required  by  breathing  on  the  lens,  taking  care  that 
the  accumulation  of  powder  is  removed  from  time  to  time  from  where 
the  centre  of  the  mould  has  been  dug  out,  otherwise  this  may  contain 
some  coarser  particles  that  may  cause  scratches. 

As  before  remarked,  the  moulds  are  made  in  pairs ;  the  convex  ancf 
concave  are  turned  to  their  respective  gauges,  and  then  ground  to- 
:gether.    The  diameter  of  the  mould  should  alwajre  rather  exceed  that 
of  the  lens  intended  to  be  ground ;  and  the  centre,  or  "  pip,"  is  taken 
■out ;  unless  this  is  done,  a  prominence  is  left  at  this  sjxit,  which  injures 
the  work.     During  the  smoothing,  the  two  moulds  should  occasionally 
be  worked  together,  as  this  greatly  tends  to  insure  the  accuracy  of  figure 
of  the  lens ;  and  after  this  is  completely  smoothed,  the  moulds  should 
again  be  matched,  so  as  to  leave  them  with  a  polished  surface,  for  a 
reason  to  be  hereafter  explained. 

Having  got  our  lens  perfectly  smoothed  and  figxxred,  the  next  opera- 
tion is  the  polishing.  It  is  almost  impracticable  to  perform  this  in  the 
hard  mould,  and  therefore  various  substances  are  employed  of  a  less 
■degree  of  hardness,  in  which  the  coarser  particles  of  polishing  powder 
may  hecome  imbedded,  i.  For  the  larger  sized  lenses  in  microscope 
-work,  beeswax,  hardened  with  some  resin  and  finely-washed  ochre,  is 
very  suitable,  but  for  medium  sizes  this  is  too  soft  and  yielding.  2.  A 
mixture  of  shellac  and  washed  putty-powder  is  therefore  employed,  whidi 
is  very  enduring.  These  are  melted  together  and  stirred  diligently ;  the 
shellac  is  added  until  the  whole  arrives  at  the  consistence  of  Ihick 
paste  ;  and  as  the  lac  is  apt  to  bum,  to  prevent  this  a  lump  of  beeswai 
should  be  thrown  into  the  mass.  This  does  not  actually  mix  with  the 
other  ingredients,  but  lessens  the  risk  of  spoiling  the  composition  bj- 
overheating ;  when  cool  enough  the  mass  may  be  rolled  into  sticks 
between  two  greased  boards. 

For  the  very  smallest  lenses,  such  as  the  fronts  of  a  i-25thanda 
I'Soth,  the  last  composition  is  still  too  soft  and  fragile  to  maintain  a 
true  figure.  The  polishing  mould  is  therefore,  for  these,  made  in  the  end 
•of  a  rod  of  pure  tin,  which  is  cut  out  into  a  nearly  hemispherical  cup  by 
the  appropriate  steel  gauge ;  the  "  pip  "  is  removed  with  a  needle-point 

The  wax-polishing  bed  is  turned  out  to  the  required  radius,  and 
finished  by  scraping  with  the  steel  gauge ;  but  as  the  material  is  some- 
what yielding,  the  lens  soon  plays  to  the  mould  and  keeps  its  figure 
during  the  polishing. 
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The  second  composition  is  very  hard  and  brittle,  and  does  not  yield 
all.  and  as  the  body  is  composed  of  the  hard  oside  of  tin,  this  would 
eedily  injure  the  gauges  if  used  as  cutting  tools.  The  method  that  I 
ft  adopted  for  forming  the  polishing  moulds  from  this  substance  is  as 
lows:— A  lump  of  the  material  is  fastened  by  heat  into  a  fcmile,  or 
Haw  cup,  running  in  the  lathe ;  the  end  is  then  turned  either  convex 
concave,  and  of  a  diameter  suitable  for  the  lens  to  be  )X}1tshed ;  the 
nvtx  or  concave  mould,  as  required  (which  has  been  worked  off  at 
t  near  to  a  jwlish,  as  before  explained),  is  then  screwed  on  to  a 
ndle,  and  held  in  a  flame  till,  when  touched  with  the  moislencl 
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jcr,  il  hisses  snurily;  a  morsel  of  tallow  is  then  put  on  the  rough- 
t>ed  composition  to  prevent  adhesion,  and  the  hot  mould  worked  and 
ated  over  It  in  e^*ery  direction  till  cold  ;  when  removed  the  polisher 
I  have  token  the  exact  form  of  the  heated  mould,  and  have  acf|iiired 
ne  polish.  For  either  convex  or  concave  lenses  the  "  ])ip  "  is  talcen 
;  as  usual,  .ind  il  is  advisable  to  make  a  few  concentric  scratches  in 
I  polisher  if  of  large  diameter. 

As  the  mixture  of  crocus  and  putty-powder,  recommended  for  ptriish- 
f  is  apt  to  cling  in  these  moulds  if  a)i]ilied  at  once,  I  first  use  the 
[ty-poi«'dcr  alone ;  this  cleans  the  hard  i>oli»h  off  the  face,  and  the 
tration  may  then  he  continued  with  the  mixture. 
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One  great  advantage  of  tbis  composition  for  a  polishing  mould  Is  Uic 
decided  way  in  which  it  maintains  a  tiuc  ligurc ;  for,  unlike  an)*  otiicr 
of  the  kind,  it  undergoes  a  very  slight  degree  of  wwir,  so  that  the  bee 
is  always  kept  clean ;  and  any  number  of  lenses  of  similar  form  aoij 
radius  may  be  polushed  in  the  same  tool  without  having  to  alter  or  mend 
Ihc  figure,  and  perfect  accuracy  is  the  result.     The  composition  bowr 
gcnt-rally  known,  but  Mr.  James  Smith  is  the  original  discoverer  of  it 
For  Ihc  last  degree  of  ixilish  I  sometimes  rab  a  thin  layer  of  pure  soli 
beeswax  in  the  mould,  and  smooth  it  down  to  form  with  the  do* 
finished  lens;  then  a  smalt  quantity  of  the  vcrj-  finest  washed  ciocwB 
applied  and  the  lens  worked  therein  for  about  one  minute.     TbeeUa 
brilliancy  of  surface  obtained  in  this  way  is  quite  appreciable  and  wril 
worth  the  pains  bestowed,  as  the  oi>eratton  is  not  continued  long  cnoti^ 
U>  run  the  risk  of  injuring  the  figure. 

I  have  now  only  to  give  some  directions  for  cementing  the  ln» 
together.  The  surfaces  having  been  carefully  cleaned,  the  two  Iciua 
are  laid  on  a  hot  plaic ;  a  drop  of  Canada  balsam  b  placed  io  llu 
concave,  the  gronpof  bubbles  thrown  up  by  the  heat  removed  bya  bnst 
point ;  with  this  the  convex  tens  {which  is  equally  hot  w^ith  the  otba)i» 
lowered  slantwBys  into  the  balsam  so  as  to  avoid  bubbles,  and  thel«o 
lenses  are  pressed  togedm ;  they  are  now  lifted  off  the  plate  with  a  p^r 
of  faiTved  forceps  held  nearly  horizontally,  and  shifted  ones'*''' 
rwind,  and  then  dropped  down  again.  This  is  re[)cated  a  nuoibs  of 
times,  and  the  two  lenses  being  exactly  of  the  same  diametct,  ib» 
operation  must  set  them  concentric  23  a  matter  of  course.  If  iJie  Iw 
b  a  trijile,  the  opposite  surCace  of  (he  concave  must  be  cleaned  aad  dK 
balaun  fciac»r«d  with  arong  alcohol  (turpentine  must  not  be  nsed  ■  't 
pereobtcs  tbc  babam  loo  easilir,  and  b  spt  to  cause  bubbles  to  iffOf 
at  the  edgrsX  and  tfae  same  opentiao  ivpetfed  as  on  the  ocba  fld^ 
Wlm  Ihc  tens  is  ckancd  witfa  alcahal,  aad  cramined  cdgewtjtvA* 
nagnifict.  the  three  Icdscs  will  appear  quite  cotentri^  aod  dooUtM 
pAsi  into  dte  cell  without  reqturiog  any  force :  and  if  the  wvkaat^ 
bat  been  contct— vis.,  all  the  cells  turned  true  frocn  00c  chwcliiig,  «t 
^  coBcates  ctf  etjual  thidcaess  astd  conrtntric  with  their  mptciiw 
cenvex  Icmej^  no  cnots  of  cmtunug  can  occuf.  ihc  lunal  vif  «■ 
CMWLUkig  this  IB  bf  tftaRg  the  teasES  in  die  cdk,  in  wfliiEli  AtfOt 
ccfted  wtt  Canda  balsHB;  bat  ai  the  best  As  is  oofyioMiV 


i  pcadi  or  »n  cacccdi«c  an  amie  of  «o*  &UH  a 

:  he  MCiKd  widi  lest  thaa  dttvc  SBpccpoKd  kcss  of 

.byAeaigefwIfih  rTlaii  1 1  ayi behead 
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has  been  partly  actiromatised  by  its  own  concave  lens  of  flim-glass,  ihc 
surfecc  in  contact  with  the  crown-giass  being  of  the  same  radius,  united 
vtth  Canada  balsam  ;  the  front  lens  has  been  made  a  triple,  liie  middle 
2  double,  and  the  back  again  a  triple  achromatic.  This  combination 
therefore  <:on$ist5  of  eight  lenses,  and  the  rays  in  their  passa^  are 
subject  to  errors  arising  from  sixteen  surtaccs  ol  g\:iss. 

In  the  new  form  there  are  but  ten  surfaces,  and  one  concave  lens 
of  dense  Bint  k  used  for  correcting  four  convex  lenses  of  crown-glass. 
As  this  might  ai  first  sight  be  considered  inconsistent  with  theory,  a 
brief  retrospect  of  the  early  improvements  of  the  microscope  ol^ect- 
glass  will  help  to  define  the  conditions.  The  knowledge  of  its  con- 
struction has  been  entirely  in  the  hands  of  working  opticians  ;  and  the 
infonnation  published  on  the  subject  being  scanty,  this  has  probably 
prevented  the  <>dcntific  analyst  from  giving  that  aid  which  might  have 
been  expected. 

PFe\-ious  to  the  year  1829  a  few  microscopic  objea-glasses  were 
hiade,  comiiosed  of  three  8upc7]w«ed  achromatic  lenses ;  but  this  com- 
iMiution  appears  10  have  been  used  merely  with  the  intention  of  gaining 
an  increase  of  power,  in  ignorance  of  any  principle,  aivd  without  even  a 
knowledge  of  the  value  of  angular  aperture. 

At  this  time  the  bte  J.  J.  Lister  tried  a  number  of  experiments,  and 
discovered  the  law  of  the  aplanaiic  focus,  and  proved  that,  by  separating 
lenses  suitably  conected,  there  were  one  or  two  positions  in  which  the 
BphcricaJ  aberration  was  balanced.  Iliis  was  expbiined  in  a  paper 
read  iKfore  the  Royal  Society  in  1829,  In  the  year  1831  Mr.  Ross 
was  employed  to  construct  the  first  achromatic  object-glass  in  ac- 
cordance with  this  principle,  which  performed  "  with  a  degree  of 
success  never  anticipated." 

Mr.  Ross  then  discovered  that,  after  be  had  adjusted  the  interval  of 
lis  lenses  for  the  aplanatic  focus,  tliat  position  would  no  longer  be 
correct  if  a  plate  of  thin  glass  was  placed  above  the  object ;  this  focus 
had  then  to  be  sought  in  3  different  plane,  and  the  lenses  brought 
closer  together,  in  order  to  neutralise  the  negative  aberration  caused  by 
covering-glass  of  various  thickness.  From  this  jieriod  the  '*  adjustment " 
with  which  all  our  best  object-glasses  are  now  provided  became 
esublished.  Fig.  17  is  the  fonii  of  object-glass  used  at  this  time,  con- 
tisting  of  three  jilano-concave  achromatics,  whose  foci  were  nearly  in 
the  proponion  of  i,  3,  3. 

No  greater  angle  than  60''  could  be  obtained  with  this  system  in  an 
^  objective  (the  highest  power  then  made)  for  reasons  apparent  in  the 
diagram.  The  excessive  depth  of  curvature  of  the  contact-surfaces  of 
the  front  pair  is  unfavourable  for  the  passage  of  the  marginal  rays;  the 
loAness  of  the  flint-glass  forming  the  first  plane  was  also  objectionable. 
In  the  year  1837  Mr.  Lister  gave  Mr.  Ross  a  diagram  for  an  improved 
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dense  flint  concave  could  only  be  employed  in  a  triple  combinaiion, 
ihat  li,  when  cemented  between  iwo  lenses  of  crown-glass :  this  form 
of  front  was  kept  3  trade  secret,  and  was  not  published  in  any  work 
crciiing  of  the  o[itics  of  the  microscope.  The  front  incident  suriace  of 
ihe  Hint  of  the  middle  {lair  i^-as  made  concave  in  order  to  reduce  the 
depth  of  the  contact ;  and  for  this  reason  only,  as  that  surface  has  but 
little  influence  in  correcting  the  oblique  pencils,  or  in  producing  flatness 
of  field,  and  may  be  a  pLine  with  an  etiually  good  or  better  result. 
"Eijfhihs"  of  this  form  with  angles  of  So'  were  nude,  and  remained 
unaltered  till  the  year  1850,  when  largur  aiiertures  were  called  for,  and 
Mr.  lister  introduced  the  triple  luck  lens. 

The  necessity  for  this  will  be  seen  by  the  dia^am  in  fig.  18,  which 
shows  that  the  contact-surfaces  of  the  back  achromatic  arc  too  deep, 
thus  giving  great  thickness  to  the  lens  and  limiting  its  diameter;  dense 
flint  would  have  remedied  this  lo  some  extent;  but  its  liability  to 
tarnish  rendered  its  use  in  a  pair  objectionable.  The  highest  density  at 
this  time  known,  quite  free  from  this  defect,  was  3'686.  By  means  of 
the  triple  bsck,  the  fioat  corrections  were  rendered  less  abru|>t,  a  greater 
portion  of  the  marginal  ni)'S  could  be  collected,  and  the  aperture  of  an 
**  eighth  "  was  at  once  brought  up  to  130"  or  more. 

At  this  time  the  author  {Mr.  Wenham)  had  been  making  some 
expcrimentji  in  the  constmclion  of  an  object-glass  in  the  form  of  fig.  18. 
Mr.  Lister  having  favoured  his  "eighth  "  with  an  examination,  was  good 
enough  to  communicate  his  late  improvement  of  the  triple  back.  No 
time  was  lost  in  giving  thi^  a  trial,  the  result  of  which  proved  that 
excesiive  negative  aberration  or  over-correction  could  readily  be  com- 
manded with  lenses  of  shallow-contact  curves.  During  these  trials  all 
chromatic  correction  was  obtained  by  alterations  in  the  triple  back  ; 
for  it  was  found  that  the  colour-correction  could  not  be  controlled  by 
a  chaise  ui  the  concave  surface  of  the  triple  front,  as  the  oegalive 
|)ower  of  the  flint  here  appeared  to  be  feeble,  requiring  a  great  difierence 
in  radius  to  give  a  trifling  result.  For  this  reason  tlie  front  concaves 
were  formed  of  very  dense  and  highly  dispersive  flint ;  the  cause  of  this 
was  analysed  by  a  targe  diagram,  with  the  passage  of  the  rays  projected 
through  the  combination,  starring  from  the  longest  conjugate  focus  at 
Ihe  back.  This  proved  that  the  rays  from  that  focus  passed  through  the 
concave  flint  of  the  front  nearly  as  a  radius  from  its  centre,  or  in  stich 
a  direction  that  its  negauve  influence  was  almost  neutralised.  It  a 
well  known  that  a  lens  may  be  achromatic  for  parallel  rays,  and  under- 
corrected  for  divergent  ones.  The  utmost  extent  of  this  condition  was 
apparent  in  the  object-glass  under  considentlion. 

This  led  the  author  to  the  u\c.i  of  the  single  front  lens  of  crown- 
glass,  which  gave  a  fine  result  at  the  first  attempt,  as  the  back  combitia- 
lions  to  which  it  was  applied  happened  to  have  a  suitable  excess  of 
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negative  or  over-con-cclion  existing  in  the  triple  hack  alone,  the  iniddk 
hejng  neutral  or  ncirly  achromAtic.  Still  there  was  a  defect  remainbg 
as  positive  spherical  aberration ;  and  this  was  afterwards  cured  by 
giving  additional  thickness  to  the  front  lens,  which  is  now  recognised  u 
a  most  essential  element  of  correctior;.  In  a  "  fifteenth,"  for  instance; 
a  difference  of  Ihickncss  of  only  '002  of  an  inch  will  determine  the 
quality  between  a  good  and  indifferent  glass.  Fig.  30  represents  » 
front  lens  suitable  for  bringing  the  back  ra}'S  to  a  focus.  'Pic  dotted 
lines  indicate  the  cRect  of  this  difference,  showing  that  with  a  lens  of 
less  thickness  the  marginal  rays  fall  within  the  central,  producing  positive 
aberration  as  the  result. 

The  single  front  introduced  by  theauthor(Mr.  Wcnham)  is  DowiBed 
by  every  maker:  for  several  years  he  could  not  induce  opticians  to 
change  their  system,  though  challenged  by  a  series  of  h^  powen  Qoa- 
stnicted  on  this  formula  for  the  purpose  of  proving  its  superiorit]!. 
Fig.  19  represents  the  curves  of  the  first  successful  "  eighth  "  on  dul 
system,  having  an  aperture  of  130",  enlarged  ten  times.  On  tracing 
the  passage  of  the  marginal  rays  through  the  combination,  it  w0)  be 
seen  that,  though  the  successive  refractions  are  nearly  eqttalisedl,  tfce 
contact- surfaixs  of  the  middle  pair  are  somewhat  deep,  though  noam- 
correction  existed  or  was  needed  here,  for  thiji  would  have  required  a 
shortLT  radius  siilt  (the  density  of  iJie  flint  in  this  wis  j-fise).  If  thil 
]>air  of  lenses  was  not  cemented  with  Caiuda  balsam,  total  rdlectioi) 
would  take  place  near  the  circumference  of  the  contact  flint  nirfict. 
cutting  ofT  the  mai^inal  rays  at  a,  and  limiting  the  .ipcrture.  It  mi^ 
be  argued  that  practically  this  would  be  no  disadvantage,  as  these  SD- 
faces  arc  united  with  Canada  balsam,  whose  refracrion  is  hi^er  thii 
the  crown  ;  so  that  the  rays  in  this  case  must  proceed  with  very  Hole 
deviation.  But  incidences  beyond  the  angle  of  total  reflection  nuy  be 
considered  detrimental,  as  they  imply  excessive  depth  of  curvature;  (hii 
can  be  discovered  by  looking  through  the  front  of  an  object-glass  Ivdd 
dose  to  the  eye,  any  air-fdms  in  the  babaiu  near  the  edge  of  the  teM 
ap|)caring  a.s  opaque  black  .spots. 

At  the  commencement  of  the  year  1873,  the  author  caused  ife* 
object-glasses  to  be  made,  with  a  middle  of  the  form  of  fig.  *i,  ^ 
performance  of  which  was  very  satisfactory.  In  this  the  extreme  i^ 
pats  at  more  favourable  incidences,  and  within  the  .nngle  of  tool 
reflection.    The  upper  lens  is  of  dense  flint 

When  the  exjieriments  on  the  single  front  were  concluded,  amlt^ 
remarkable  corrc<:tive  power  of  the  triple  back  in  conjunction  thcte*i''> 
hid  been  proved,  the  next  attempt  was  to  make  the  middle  also  1  sa^ 
If'  ■   -'  ilie  entire  colour  correction  to  be  performed  by  the** 

^> '      '        .'lint  in  the  back.    After  numerous  trials  it  was  foutxltlBl 
oug,h  Mmcttun^  like  over-correction  or  oegative  aberration  could  ^ 
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led  with  the  bode,  in  the  degree  re<iut5tte  for  balancing  the  under- 

rection  ot  the  single  middle  and  front  when  set  at  the  prescribed 

stance  of  (he  aplonatic  focus,  yet  by  tnal  on  the  mercury  globule  all 

the  mults  invaiiably  displayed  two  separated  colour-rings  ;  these  could 

lie  combined  by  alteration  in  the  radius  of  the  lenses.     By  project- 

ig  the  blue  or  red.  or  visible  ray*  of  greatest  and  least  refrangibility 

irough  the  sj-stem,  the  cause  became  apparent     'I'he  left-hand  section 

this  object-gliss  is  shown  in  fig.  22.     The  rays  from  the  focus  are 

ilightly  divided  by  the  first  front  surface.     On  emerging  from  the  back 

the  separatitHi  is  increased  ;  the  red  ray  (r)  ts  outwards,  and  the  more 

ungibte  or  blue  ray  (*)  inwards.     Vext,  the  divergence  of  these  two 

is  extended  by  the  middle  single  Jens.     The  following  crown  lens 

tlends  the  angle  of  dive^enec  so  far  that  the  flini  lens  of  the  back 

iple  cannot  recombine  tliem  ;  and  they  emerge  at  two  distinct  zones, 

•lOWTi  by  the  practical  lest  of  the  "artificial  star"  or  light-spot  reflected 

a  mercury  globule,  viewed  within  and  without  the  focus. 

It  might  be  supposed  that  these  rays  at  their  fmal  emergence  can  be 

refracted  as  to  project  the  blue  outwards.     A  crossing-point  would 

then  occur  at  a  fixed  c.onjug.itc  focus  in  the  body  of  the  microscope,  at 

which  all  rays  would  be  combined,  and  if  thifi  focus  was  adjusted  to 

that  of  the  eyepiece,  achromatism  and  final  correction  would  be  the 

result.     But  to  meet  the  various  conditions  occurring  in  the  use  of  the 

microscope,  the  conjugate  focus  constantly  alters  in  position,  this  being 

-akffected  by  every  change  of  eyepiece,  length  of  tuljc,  or  adjustment  for 

Khickness  of  ewer;  therefore  a  correction  for  a  fixed  point  cannot  be 

■naintained.     Achromatism  in  the  microscope  object-gla»s,  like  that  of 

^tbcr  perfectly  corrected  optical  combinations,  must  be  the  reunion  of 

»c    rays  irf  the  spectrum  close  to  the  final  emergent  surface  of  the 

t«n.     The  remedy  suggested  by  these  cxjieriments  appeared  to  be 

a  transposition,  that  is,  in  placing  the  over-corrected  triple  in  the 

liddlc  of  the  entire  ohjcct-glass ;  this  would    at  or»ce  cause   a  con- 

;nce  of  the  blue  and  red  rays.      A  single  lens  of  longer  focus 

It  the  back  would  then  bring  these  rays  fnrallel  at  the  point  of  final 

rergence. 
Uy  projection  in  a  diagram,  this  condition  was  apparently  realized. 

The  dispersive  power  of  the  flint  (density  3'686)  was  taken  by  llic 

lefractik-e  index  i  •;6  of  line  H  in  the  blue  ray  of  the  8]>cclrum,  and  1 70 
of  tlic  line  B  in  the  red  ray.    The  refraction  of  the  corresponding  rays 

in  the  croiim  (density  2-44)  was  1-53  H  and  I'Si  B.  With  these  indices 
^be  rays  arc  traced  in  fig.  22.  The  radii  in  the  right-hand  half  section 
muc  these  of  an  ''eighth"  of  the  ncn*  form  drawn  almut  13  times  the 

siK  of  the  original.  'ITie  single  front  is  of  the  usual  form,  as  this  i.s 
_xouch  alike  in  all  cases.  The  radius  or  focus  of  the  single  plano<onvex 
Biack  is  about  four  and  a  half  times  that  of  the  front,  and  the  focus  q( 
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the  middle  (triiile)  three  times.    The  passage  of  the  blue      ^^piinf. 
at  the  extreme  of  the  pencil  is  shown  in  conliasl  *ith 
the  separation  from  the  same  front  being  alike 


The  inner  and  outer,  or  blue  and  red  law,  aft 
surface  of  the  triple  middle,  meet  the  concaves  ofthe'ft*'"^''*  ''* 
the  blue  ray<  to  a  greater  extent  than  the  red.  anrf      ^^'  *'^^  t* 
rergc  ^instead  of  diverging,  as  in  the  opposing  half  d^  *''""  ^'^ 
their  exit  from  the  triple  they  meet  and  would  <air»?'*°'^' '*"''"* 
is  known  as  "overcorrection;"  but  this  is  so  balanrS  *'^***''l ' ' 
b)-  the  single  back  of  crown-glass  that  the  rays  ar<  fi     n"**  '^^'' 
emerge  in  a  state  of  paraUelism.    This  form  of  object   U   """*^* 
for  the  Viigh  \vowcra,  ot  *uch  asi  have  a  cover  adjusOdcm.  ^  *  **"' 


OF  THE    irOUK-SE   OF  THE  RAVS. 


45t> 


'*  ^-inch  "  upwaidit ;  perfect  cofour-correction  is  e<iiJRlIy  to  be  obtained 

alt  of  them. 

It  mny  be  asked  by  some  who  have  devoted  thetr  atteiition  to  the 

[higher  branches  of  optical  mathematics,  why  the  above  result  shoultl 

|ihavc  been  worked  out  entirely  by  diagrams.   But  it  has  been  found  such 

dilRculi  task  lo  calculate  ihc  )ias«ige  of  the  two  rays  of  greatest  and 

[least  refmngibiliiy  through  a  combination  having  sixteen  surSices  of 

l^lass  of  three  different  densities  and  Tefiactions,  that  even  first-class 

Imathcnuiticions  have  hitherto  sluuiik  from  tlic  atlcm|)l. 
Diagrams,  however,  are  surprisingly  accurate  in  their  capability  of 
indicating  causes  and  results  in  the  microscope  and  object-glass ;  for 
these  lenses  are  minute,  with  deep  cur^-es  and  abrupt  refractions ;  so 
Ihnt  if  the  projection  is  worked  out  some  fifty  times  the  size  of  the 
ongirtal,  small  errors  can  be  detected.    The  work  should  be  commenced 
tt  the  back  from  a  long  conjugate  focus,  which  not  being  a  constant 
distance,  may  be  taken  as  very  near  lo  parallelism.     The  high  jiowers 
^all  have  the  means  of  correction  within  this  distance,  and  perform  better 
Rwitli  a  long  posterior  foais  than  with  a  very  short  one.    'Vhc  relative 
indices  for  the  two  or  more  rays  should  be  marked  on  a  large  pair  of 

I>  proportional  compasses,   the  long  limb  re|>re»nttng  the  sine  of  the 
^ngle  of  incidence,  and  the  short  one  that  of  refraction.     Both  the 
sines  ought  to  be  set  off  in  a  diagram  behind,  nnd  neither  of  them  in 
^front  of  the  ray  in  course  of  projection ;  this  leaves  the  way  clear,  with 
the  least  concision  of  lines. 

At  the  same  time  a  second  or  counterpan  diagram  should  be  at 

land,  to  which  llie  rays  only  arc  transferred  as  soon  as  their  direction  is 

tilled ;  with  these  precautions  a  mistake  is  scarcely  possible. 

Now  it  is  hoped  that  some  improvements  may  be  cITected  by  this. 

I  investigation,  on  account  of  the  simplicity  attained  in  the  combination, 

[in  which  we  have  two  single  lenses  of  crown,  whose  foci  tiear  a  definite 

proportion  to  each  other ;  while  all  llie  corrections  are  performed  by  one 

I  concave  of  dense  flint,  the  acting  condition  of  which  h  not  altered  by 
the  influence  of  any  other  concaves  acting  in  the  combination,  and 
hitherto  taking  a  share  of  the  duty.  This  one  flint  is  now  to  be  con- 
sidered singly  as  the  heart  and  centre  of  the  system  in  reference  to  the 
correction  of  the  rays  entering  and  leaving. 
Thi.s  memoir  is  of  necessity  incomplete,  for  want  of  definite  in- 
formation concerning  the  optical  properties  of  various  kinds  of  glass. 
'    Nothing  of  importance  has  been  published  since  Fraunhofer's  Tahle, 

•  containing  the  refiaclive  indices  for  each  of  the  seven  primary  colour- 
tines  of  the  ^ctrum  for  ten  kinds  of  glass.  Great  advance  has  been 
effected  since  tliat  date  in  the  manufacture  of  optical  glass,  a  mast 
complete  collection  of  which,  of  every  \-ariety,  has  been  made  by  the 
Messrs.  Ross,  up  to  the  present  date-   Selected  specimens  from  this  will 
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lie  worlted  into  prisms,  and  tlie  relative  spectn  mapped  out  bj-  die 
Fniunliofer  lines,  leading,  it  is  hoped,  to  the  discovery  of  a  comlwu^ 
of  crown  and  flint  glasii  which  shall  be  free  from  Kcondory  spectnun  a 
absolutely  achromatic  ("  Proc.  Royal  Soc^"  No.  J41,  1873). 

4tt(.  Nai«  on  MauailiMr  LcBM*  ky  Mr.  Swift. — The  tool  bcsl 
for  mounting  the  lenses  in  their  cells  is  shown  in  the  accom} 
engraving ;  this  can  be  worked  vrith  a  drill  bow,  or  can  be  made  to  ad] 


with  the  foot,  in  the  way  of  on  ordinary  lathe,  which  is  prdenblc,  x  it 
least's  Iiolh  hands  at  liberty  for  manipulating  with  the  slide-rest  cairyini; 
the  cutler.  The  slide-rest,  as  will  be  |>erceived  by  the  engnivmg,  a  aii 
very  simple  construction ;  the  two  milled  heads,  marked  .\A,  are  fur  ik 
l>ur|>ose  of  adjusting  the  cutter  to  the  diameter  of  a  cell  requiTtdlg 
receive  the  lenses.  These  screws  act  in  opposite  directions  upoa  ■ 
dove-toil  slide,  moving  at  right  angles  to  the  mandril  of  the  buhe;    11  b 

a  bar  of  metal,  about  6  iacbcs  kn^ 
upon  which  the  cutter  is  fixed.  Thii 
bar  is  planed  out  /\  shape,  oitd  ban 
upon  tn-o  supports  of  similar  fonn.  Br 
this  means  a  sliding  motion  ti  ob- 
laincft,  in  a  direct  line  with  the  axis  d 
the  mandril,  upon  which  tbc  ob^Btl- 
!  ell  is  screu-ed.  By  moving  the  miW- 
head  screw  in  (i^,  34,  the  point  uf  "hidi 
■tears  against  a  stop,  any  deptli  of  at 
n-««— .-«.«*...,«,..«..  u....  «1U'":d  fw  the  combination  can  k 
asSSa-ATStXir* ■•"-"'"-  obtained.    The  bar  B.  fig.  aj.  «i» 

in  use,  must  be  held  finnly  oo  b 
fitting,  and  pushed  along  until  the  mt  ceases  by  the  jioint  of  the  milbri- 
head  screw  coming  in  contact  with  the  stop  before  mcntioocd.    Tbui 


MR.  swift's  formula  FOR  A  QUARTF,R. 


46 1 


» 


ihc  required  depth  of  the  cell  can  easily  be  obtained.  It  is  best,  before 
proceeding  10  mount  ilie  combiiuuons  in  their  cells,  10  see  that  the 
mount  takes  3  good  bearing  against  the  chuck  in  which  it  is  screwed. 
If  this  precaution  is  not  taken  it  often  happens,  after  the  objective  is 
nearly  finished,  that  the  lenses  first  mounted  are  found  to  run  untrue, 
owing  to  the  main  screw  of  the  mount  taking  a  fresh  bearing  by  the 
continued  screwing  and  unscrewing  it  off  and  on  the  lathe.  It  will  be 
■een  that  a  T-rc$t,  D,  is  used  in  addition  to  the  slide  rest.  This  is 
handy  for  making  chucks  for  turning  out  the  back  of  the  cella,  Brc  A 
rib  is  seen  under  the  frame  or  base  of  the  lathe  by  which  it  is  held  in 
the  vice.  If  worked  by  the  foot,  awheel  treadle  can  be  easily  fixed 
underneath  the  board  to  which  the  vice  is  bolted. 

The  two  foUuwini'  sections  have  been  also  furnished  by  Mr.  Swift. 

40C  rormata  far  ■  ^uartcr-lncli  DbjMtiTe  or  ElKhty-riTc  IlecrceM 
of  Xp^nnrc,  the  Cim^M  vf  nhlvh  are  bIvch  In  KB«ln<i. — l.  Buck  triple 
combination.  Ciirx-e  of  back  surface  of  crown  lens,  '525.  Contact 
surface,  -225,  Contact  surface  of  lower  crown  lens,  fsoo.  Incident 
sorface,  '$9.  Working  diameter  of  back  crown,  '335.  ItKident  crown 
working  diameter,  '34.  These  lenses  must  be  worked  up  to  a  sharp 
edge  at  ihc  above  diameters,  for  the  purpose  of  getting  the  requisite 
thickness  of  the  lenses,  which,  in  all  optical  combinations  of  this 
description,  is  the  only  method  by  which  \i  can  be  readily  enbcted 
without  the  necessity  of  dismounting  the  lens  from  the  lathe  or  stick  on 
which  it  is  ground,  to  gauge  its  thickness  by  means  of  a  master-gauge. 
The  finished  diameter  of  these  lense*  is  '^1$.  lliickness  of  edge  of 
flint  ai  this  diameter,  '080.  The  middle  combination  of  this  objective 
is  composed  of  two  lenses, — a  double  convex  crown  of  '22$,  of  equal 
curves,  and  a  plano-concave  flint.  These,  as  a  matter  of  course,  like  the 
back  combination,  arc  cemented  together.  The  working  diameter  of 
the  crown  lens  is  -37,  when  worked  to  a  sharp  edge,  as  before  described, 
the  finished  diameter  being  *36.  Thickness  of  edge  of  flint,  when 
reduced  to  the  finished  diameter,  must  be  '070,  The  front  glass  is 
a  planoconvex  crown  lens  of  '115  radius  which  is  worked  to  a  half 
sphere ;  its  diameter,  therefore,  being  equal  to  double  its  radius.  'L'he 
combinations  of  this  objective,  together  with  the  front  lens,  are  set  in 
their  celU  against  shoulders,  which  renders  the  setting  or  centering  of  the 
lenses,  after  a  little  practice,  a  very  easy  operation.  The  cell,  carrying 
ibe  front  lens  for  convenience  of  adjustment,  is  best  screwed  to  a  piece 
of  triplet-drawn  tube,  which  can  be  made  to  fit  over  the  cylindrical  pan 
to  which  the  back  and  middle  rclU  are  scTcwcd.  By  this  contrivance, 
the  proper  point  of  adjustment  on  mercury  can  be  readily  obtained,  by 
shortening  the  plain  end  of  the  tulje  fitting  until  the  diffraction  rings 
become  equal  on  both  sides  of  the  focus  of  the  objective.  The  curves 
of  this  objective  are  computed  to  suit  a  density  of  Hint  3*9646,  crown 
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3*540.  This  flint  and  crown  glass  is  made  1^  Messn.  Chance,  «i( 
Birmingham,  and  can  be  obtained  from  their  agcnis,  Messre.  Oaadrt 
and  Houghton,  High  Holbom,  or  of  Mr.  Jackson,  GU5.<i  WjirthoBK, 
Oxford  Street,  who  will  supply  it  by  order,  in  sheets  of  suitable  thiti- 
ness,  thus  saving  the  necessity  and  expense  of  slitting. 

407.  FormnUi  r«r  Oac-tarb  OlO^etiTC  of  Tiftair-Mtt  ■rrrt«»  •! 
Ap«r(ur«,  the  Curro*  vT  which  »re  kIvhii  In  ■ullna. — The  posterior  cr 
bAck  of  this  objective  is  composed  of  a  triple  combination.  ThefroWW 
anterior  is  a  plano-convex  crown  lens  and  a  menisctia  flint  The  cant 
of  the  back  Mirface  of  the  poaerior  crown  lens  is  76.  The  cunt  of 
the  next  two  surfaces  is  -535.  Contact  surlaee  of  incident  cron  yjy 
Incident  or  outside  surface,  3*5.  'I1)e  back  airface  of  the  poilcra 
crown  should  be  worked  8-ioths  of  an  inch  in  diameter,  to  insure 
accuracy  of  figure.  Previous  to  grinding  the  contact  suifece  of  ihb  fcnv 
the  diameter  must  be  reduced  to  '615,  then  worked  to  a  sharp  edp, 
which  will  give  the  thickness  required  for  this  lens.  The  worko? 
diameter  of  the  incident  plate  is  9'ioihs.  This,  as  a  matter  of  coax, 
will  be  ground  to  a  sharp  edge,  as  before  described,  for  the  purpoK  of 
getting  the  required  thickness.  The  l>cst  method  for  an  aiwlca 
to  adopt  would  be  to  work  the  lens  on  a  hard  pitch  pallet  one  indi 
or  less  in  length.  The  lens  is  not  so  liable  (o  lilt  in  working  in  iM 
tool  as  it  would  be  if  the  ordinary  length  of  stick  employed  (or  tto 
purpose  were  tised.  This  method  also  applies  to  the  shallow  vo- 
face  of  the  flint.  Diameter  of  the  posterior  lenses  when  finished  9 
j-ioths ;  thickness  of  edge  of  flint  at  this  diameter  will  be  i-ioih  o()l 
inch.  Back  surface  of  anterior  flint  is  '.41.  Next  two,  or  coobtt 
surfaces,  21.  Working  diameter  of  front  crown,  4-ioths.  Ftoiihtd 
diameter  '38.  Thickness  of  anterior  flint,  al  the  finished  dtasxtet. 
measuring  from  back  surface  to  from  edge,  '1*5.  Sepatation  between 
the  lenses  is  7-ioths.     Density  of  flint,  j'64.     Density  of  crown. 


TABLES 

FOR    PRACTISING    THE    USE 
OF   THE    MICROSCOPE 

AND 

MICROSCOPICAL    MANIPULATION. 


All  who  desire  to  become  practically  fiimiliar  with  the  use  of  the 
micToscope,  and  to  learn  how  to  observe,  are  strongly  recommended  to 
submit  to  the  routine  which  a  conscientious  peTfonoance  of  the  experi- 
ments given  in  the  following  Tables  necessarily  involves.  The  author 
is  fully  [>ersuaded  that  the  patient  prosecution  of  the  course  recom- 
mended will  enable  the  student  to  obtain  a  practical  acquaintance  with 
the  elements  of  microscopical  enquiry,  which  it  would  not  be  possible 
for  him  to  acquire  so  readily  by  reading,  or  indeed  by  any  other  plan. 
Each  table  will  require  from  two  to  three  hours. 
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TABLE  I. 

ARRANGEMENT  OF  THE  INSTRUMENT  FOR  OBSERVATION. — DRAWING  A\D 
MEASURING  OBJECTS. 

1.  Arrange  the  microscope  for  examining  objects  by  transmitted  light— 

§  S4.  p.  29,  pL  XIII,  fig.  I,  p.  22. 

2.  Examine  the  objects  upon  the  slide*  with  the  inch,  and  aftemnls 
with  the  quarter  of  an  inch  object-^Iass,  using  first  the  shallow,  ml 
afterwards  the  deep  eye-piece.— 1§  4,  K,  «,  p.  7,  pL  I,  figs.  3,  4, 7. 

3.  Arrange  the  mirror  in  such  a  manner  that  the  rays  of  light  may  pass 

through  the  object  in  a  direct  course  or  obliquely. — §  le,  p.  11, 
pL  VI,  fig.  6,  p.  14. 

4.  Examine  the  same  object  under  the  quarter  of  an  inch  object-glass 
with  the  achromatic  condenser,  and  afterwards  without  the  use  oC 
this  instnmient — §  »?,  p.  30,  pi.  XV,  fig.  2,  p.  26. 

5.  Draw  upon  paper  some  of  the  objectsf  on  the  slide. — $  41,  p.  31. 

a.  Judging  of  the  size  of  the  paper  by  the  eye  alone. 
6.  By  placing  the  paper  on  a  level  with  the  stage. 

c.  By  measuring  with  a  pair  of  compasses,  p.  355. 

d.  With  the  aid  of  the  neutral  tint-glass  reflector. — §  44,  pL  XVII, 
fig-  4.  P-  34. 

6.  Ascertain  the  diameter  of  the  objects  upon  the  slide  J  using  the  inch 
object-glass  and  stage  micrometer  divided  to  looths  of  an  inch,  with 
the  aid  of  the  neutral  tint-glass  reflector. — §  44,  p.  33,  §§  «s,  «4, 
p.  43,  pi.  XVII,  figs.  7,  8 ;  pl.  XV,  fig.  4,  p.  26. 

7.  What  are  the  magnifying  powers  of  the  two  French  and  English  object- 
glasses  on  the  table  ?  || — S  «S,  p.  44. 

a.  With  the  shallow  eye-piece. 
^.  With  the  deep  eye-piece. 

8.  Measure  the  angles  of  the  crystals  IT  upon  the  slide. — §  *••,  p.  218  ; 
pl.  LVI,  figs.  6,  7,  8,  p.  218. 

•  Scales  from  the  wing  of  a  butterfly. 

t  Tracheae  from  a  caterpillar. 

{  Fragments  of  human  hair. 

|]  French  quarter  and  one  inch. — English  quarter  ukI  one  incb, 

T  Crystals  of  cholesterine. 
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TABLE    II. 

EXAMINATION    OF  OBJECTS  BY  DIRECT  OR  REFLECTED  LIGHT, 
TRANSMITTED   LIGHT,   AND   POLARISED    LIGHT. 

Examine  the  objects  upon  the  slide*  and  carefully  note  the  different 
appearances  produced  by  examining  them : — 

1.  By  r^ected  light  as  opaque  objects  emplojdng 

a.  The  bull's-eye  condenser. — §  vi.  pi.  XVI,  figs.  2,  4,  p.  28. 

b.  The  Lieberkuhn  and  a  stop. — §  30,  pi.  XV,  fig.  i,  p.  26. 

2.  By  transmitted  light,  em'pXoym.^ 

a.  Direct  rays. 

b.  Oblique  rays.— PI.  XIII,  fig.  i,p.  22. 

3.  J3y  polarised  light. 

a.  Employing  the  polariser  and  analyser  only. — §  ss,  pi.  XVII, 

figs.    I,  2,  p.  34. 

b.  After  placing  beneath  the  object  a  plate  of  selenite. 

0.  Examine  some  of  the  same  crystals  in  different  media,  as  described 
in  §§  136  to  143,  pi.  XXIII,  p.  80. 

ff.  In  air. — §  141,  p.  86. 

b.  In  water. — §  14S. 

£.  In  turpentine,  oil,  or  Canada  balsam. — §  143. 

1.  Examine  the  different  appearance  of  the  globules  of  potato-starch, 
and  pollen  grains  from  different  plants  in  air,  water,  and  Canada 
balsam. 

2.  Examine  some  minute  globules  of  mercury  illuminated  by  reflected 
light,  under  a  half-inch  object-glass. 

3.  Notice  the  microscopical  characters  of  air-bubbles  and  oU-globulest 
and  examine  them  by  reflected  and  by  transmitted  light. — §  isi, 
pL  XXIII,  figs.  10,  ri,  12,  13,  14,  p.  80. 

4.  Follow  the  directions  given  in  pp.  81,  82,  83,  for  the  examination 
of  common  objects. 


*  Spherical  crystals  of  carbonate  of  lime  or  starch  globules, 

t  Small  air-bubbles  can  be  obtained  by  shaking  a  little  gttm-water  in  a  bottle.     A 
rop  may  then  be  placed  upon  a  glass  slide.     Milk  affords  oil-globules  in  abundance; 

1  U. 
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TABLE  III. 

ON  MAKING  CELLS   FOR   PRESERVING  MICROSCOPICAL  SPECIMENS. 

15.  Make  a  paper  cell  and  attach  it  to  the  glass  shde. — §  U4,  p.  70. 

16.  Make  a  thin  cell  with  the  aid  of  marine  glue,  and  another  «ith 
tinfoil. — 5§  111,  lis,  p-  70. 

1 7.  Make  some  square  thin  cells  of  Brunswick  black,  and  some  drcnlai 
cells  with  the  aid  of  Mr.  Shadbolt's  apparatus. — §  ii«,  p.  ;o, 
pi.  XX,  eg.  5,  p.  54. 

iS.  Cut  some  squares  of  thin  glass,  with  the  writing  diamond.— }  tit, 
p.  71. 

19.  Cut  some  circular  pieces  of  thin  glass,  using  the  brass  circles.— 
§  ii»,  p.  71,  pl.  XX,  figs.  6,  8,  9,  p.  54. 

20.  Make  some  thin  glass  cells  in  the  manner  directed  in  §§  K4,  m. 
p.  72,  pi.  XXI,  fig.  3,  p.  76,  and  when  complete,  grind  the  upper 
surface  upon  the  emeiy  slab,  fig.  6. 

21.  Cut  with  the  glazier's  diamond  some  slips  of  glass,  three  inches  bj 
one  inch,  for  slides. — §  110,  p.  71,  pi.  XX,  fig.  6,  p.  54. 

22.  Make  a  cell  of  thick  glass  in  the  manner  described  in  §§  m,  us. 
p.  74,  pi.  XXI,  figs.  5  to  9,  p.  76.     PI.  XXII,  figs.  3,  4,  p  78. 

23.  Make  a  deep  cell  of  gutta-percha.  The  gutta-percha  must  be 
softened  in  hot  water  and  then  moulded  upon  some  object  the  sit 
of  the  required  cell. — §  isi,  p.  75. 
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TABLE   IV. 

ON    MAKING   MINUTE   DISSECTIONS. — CUITINO   THIN   SECTIONS   OF 
TISSUES   FOR   MICROSCOPICAL   EXAMINATION. 

4.  Trace  the  nerves  in  the  portion  of  tissue  on  the  table.*  Pin  it  out 
on  a  loaded  cork,  and  dissect  it  beneath  the  surface  of  water  with 
the  aid  of  a  strong  light  condensed  upon  it  by  the  large  bull's-eye 
condenser  in  the  manner  directed  in  §  144,  p.  91,  pi.  XXII,  figs. 

4,  5.  P-  78. 

5.  Cut  some  very  thin  sections  of  the  different  soft  tissues  upon  the 
table.+— §  141,  p.  92. 

a.  Using  the  scissors. — PI.  XIX,  figs.  5,  6,  7. 
6.  Using  the  double-edged  knife.— PI.  XVIII,  figs.  8,  9,  10. 
r.  Using  Valentin's  knife. — PI.  XIX,  figs,  i,  2. 
All  these  instruments  must  be  well  wetted  before  the  section  is 
removed. — §  141- 

fi.  Place  some  small  pieces  of  tissue  in  the  compressorium  and  dissect 
them  under  the  microscope  in  the  manner  described  in  §  14V,  p.  96, 
pi.  XXV,  figs.  3,  4,  p.  92. 

7.  Make  some  thin  sections  of  wood  with  the  aid  of  the  simple  section 
cutter  alluded  to  in  §  ib6,  p.  99,  pi.  XXV,  fig.  6,  p.  92. 

S.  Place  some  of  the  sections  of  pith  or  bone  in  thin  cells,  cover  them 
with  thin  glass,  and  then  let  them  be  preserved  as  dry  objects. — 
§§  141,  IBS,  pp.  86,  97. 

9.  Ascertain  the  effect  of  the  different  preservative  solutions  upon  the 
appearance  of  the  sections  in  the  microscope. — §§  9»  to  lis,  p.  64. 
Place  some  of  the  sections  which  have  been  allowed  to  soak  for  half- 
an-hour  in  the  fluid  in  which  they  are  to  be  preserved  in  thin  glass 
cells,  and  apply  the  thin  glass  cover,  observing  the  precautions 
detailed  in  pp.  83,  136.  Remove  the  fluid  outside  (with  the  help  of 
blotting  paper),  and  anoint  the  edge  with  Brunswick  black,  which 
must  be  applied  with  a  small  brush. 

JO.  Make  a  thin  section  of  the  injected  tissue  on  the  table  and  pre- 
serve it  in  glycerine,  or  in  gelatine  and  glycerine. — §§  100,  lOB,  106, 
p.  64.  Dry  another  section  and  mount  it  in  Canada  balsam, — 
§  143,  p.  88. 

For  directions  for  the  preparation    and  examination  of   various 
tissues,  sce^p.  138  to  151. 

*  The  skin  or  muscular  tissue  of  any  small  animal,  a  part  of  a  frc^. 
t  A  piece  of  tendon,  cartilage,  kidney,  and  liver  of  a  sheep.    These  may  be 
■sily  obtained  of  the  butcher. 

%  'H.  1 
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TABLE   V. 

KIDNEY. — MUSCULAR  FIBRE. — PIG'S  SKIN. — PITH. — WOOD. — SPIRAL 
VESSELS.— VALLISNERIA. 

31.  Make  thin  sections  of  the  sheep's  kidney  upon  the  table,  andafto 
washing  them,  subject  them  to  examination  with  the  inch,  and 
afterwards  with  the  quarter.  Some  may  be  examined  in  water  and 
others  in  glycerine,  one  section  should  be  mounted  in  the  mixtmi 
of  gelatine  and  glycerine. — §  io«,  p.  67.  Observe  the  diffwent 
characters  of  the  tubes  in  the  central  and  in  the  cortical  portions  tf 
the  organ,  and  endeavour  to  make  out  the  following  stmcturcs:— 
Epithelium,  basement  membrane  of  the  tubes,  Malpighian  bodia,  ani 
capillary  vessels  lying  betwan  the  tubes,  ^.  162.  The  airangement  rf 
the  vessels  may  be  satisfactorily  demonstrated  in  an  injected  q>ed- 
men.— Table  VII. 

32.  Take  a  very  small  fragment  of  the  muscular  fibre  of  the  skate  ot 
eel,  and  after  tearing  it  up  with  needles,  moisten  it  with  water,  ud 
cover  it  with  thin  glass.  Endeavour  to  find  elementary  fibres  ia 
which  the  tube  of  sarcalemma  remains  entire  while  the  sarams  tissoe 
within  is  ruptured. — §§  »»,  SM,  p.  142,  pi.  XXXIV,  fig.  3,  p,  146. 

33.  The  portion  of  pig's  skin  on  the  table  has  been  allowed  to  diy  by 
exposure  to  the  air.  Thin  transverse  sections  are  to  be  remoTcd 
with  a  sharp  knife,  and  subsequently  moistened  with  water.  In  this 
manner  a  very  thin  section  may  be  obtained,  which  soon  regains  it! 
normal  appearance.  It  may  be  mounted  in  any  of  the  preser\'atire 
fluids  before  alluded  to. — §  iso,  p.  97. 

34.  Cut  thin  sections  of  the  cornea  and  sclerotic  of  the  eye  which  (are 
been  allowed  to  dry  after  having  been  pinned  out  on  a  board  :  soik 
them  in  a  drop  of  water  for  twenty  minutes  or  more,  and  eiamine 
them  first  with  an  inch  object-glass  and  afterwards  with  a  quaita.- 
§  ISO,  p.  97. 

35.  Cut  a  thin  section  of  the  pith  of  the  rush  and  examine  it  asadry 
object;  afterwards  place  it  in  fluid.  Observe  the  air  vathin maif 
of  the  cells. 

36.  Demonstrate  the  circulation  in  the  cells  of  vallisneria  spinlis.- 
§  SS9,  p.  198,  pi.  XLVI,  figs.  6,  7. 

37.  Wash  some  pieces  of  the  sea-weed  in  plain  water,  and  preseit 
some  of  them  in  glycerine,  and  others  in  a  solution  of  chloride  (f 
calcium,  p.  68. 
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TABLE   VI. 

UAKING  THIN  SECTIONS  OF  BONE  AND  HAIR,  AND  MOUNTING  THEM  IN 
CANADA  BALSAM. — MOUNTING  DIFFERENT  PARTS  OF  INSECTS. — 
SEPARATION   OF   DEPOSITS   FROM    FLUIDS. 

3S.  Cut  some  thin  sections  of  dry  bone  with  the  saw  and  grind  them  to 
the  required  degree  of  tenuity,  by  rubbing  upon  a  fine  oil  stone,  or 
between  the  hones.  Water,  but  not  oil,  is  to  be  used. — §  IBS, 
p.  97 ;  §  118,  p.  141. 

39.  Upon  microscopical  examination  they  will  be  found  covered  with 
numerous  scratches,  which  must  be  removed  by  rubbing  the  sections 
upon  a  dry  hone,  and  afterwards  upon  a  piece  of  good  plate-glass. — 
§  us,  p.  97. 

4a  When  the  sections  of  bone  are  sufficiently  smooth,  mount  one  of 
them  at  once  in  balsam,  and  treat  another  section  with  turpentine 
before  immersing  it  in  the  balsam.  Compare  the  diflFerent  micro- 
scopical cliaracters  of  these  two  specimens,  p.  89. 

41.  Cut  some  thin  transverse  and  longitudinal  sections  of  hair,  accord- 
ing to  the  directions  given,  and  examine  them  under  the  quarter  of 
an  inch  object-glass.  These  may  be  washed  in  water  and  mounted 
in  Canada  balsam. — §  ibb,  p.  98. 

43.  After  drying  several  portions  of  the  insects  in  a  capsule  over  the 
water-bath  (claws,  antennae,  wings,  eyes,  spiracles),  moisten  them 
with  turpentine  and  mount  them  in  Canada  balsam. — §§  i4a,  S44, 
S4B,  S46,  pp.  167,  168. 

43.  After  the  deposit  suspended  in  the  fluid  in  the  conical  glass  has 
subsided,*  a  portion  is  to  be  removed  with  the  pipette  and  placed 
in  a  cell,  or  in  the  animalcule  cage,  for  examination. ^§  iBV,  p.  100, 
pL  XXVI,  fig.  3. 

44.  The  fluid  may  then  be  allowed  to  evaporate  spontaneously  or  by 
placing  the  slide  under  a  bell-jar  over  sulphuric  acid,  pi.  XXIV, 
fig.  5,  p.  88,  and  the  residue  mounted  in  Canada  balsam. 

45.  Subject  to  examination,  under  a  quarter  of  an  inch  object-glass, 
some  of  the  infusoria  and  other  organisms,  in  the  specimen  of  the 
water  on  the  tablet — P-  *86. 


*  Small  marine  shells,  sand,  &c 

f  Water  conUining  a  few  small  pieces  of  animal  and  vegetable  matter  about  the 
tct  »  pin's  head,  which  had  been  kept  in  a  wann  light  place  for  several  days. 
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TABLE    VII. 

OF   INJECTING  WITH  OPAQUE  AND  TRANSPARENT   MATERIAl- — PRUSSUX 
BLUE  FLUID   FOR  INJECTION. 

46.  Arrange  the  injecting  apparatus  conveniently  (§  las,  p.  102)  and 
proceed  to  inject  the  artery  supplying  the  eye-ball  of  the  ox's  eye  on 
the  table,  with  size  and  chromate  of  lead. — §§  W,  iTi,  p>  105; 
S  is«,  p-  14. 

47.  ^ye. — Introduce  the  pipe  into  the  vessel  running  close  to  the  la^ 
optic  nerve,  and  tie  it  carefully,  observing  the  precautions  detailed 
in  p.  115.  The  eye  must  be  allowed  to  remain  in  warm  water  UDtil 
warn  through,  and  the  injecting  material  prepared  in  the  nuniier 
described  ;  it  is  to  be  mixed  with  melted  size  and  strained  immedi- 
ately before  use.  When  the  injection  is  complete  the  eye  is  to  be 
placed  in  cold  water.  Should  it  become  very  much  distended  by 
the  accumulation  of  the  injection  within  it,  a  puncture  may  be  made 
in  the  cornea,  which  will  permit  the  escape  of  the  aqueous  humour, 
and  then  the  vessels  may  be  more  completely  injected.— S  wt, 
p.  114. 

48.  Prepare  some  Prussian  blue  injection  0uid. — S  199,  p.  109.  The 
fluid  should  contain  no  visible  deposit  Prepare  some  finer  in- 
jecting fluid,  according  to  the  directions  given  in  p.  363,  and  injea 

49.  J^rog. — Insert  an  injecting  pipe  into  the  aorta  of  the  frog  in  the 
manner  described  in  §  iss,  and  slowly  inject  the  fluid.  Anothn 
frog  is  to  be  injected  with  the  finer  injecting  fluid,  p.  363. 

50.  The  specimens  having  been  completely  injected  portions  may  be 
submitted  to  microscopical  examination. — §  an,  p.  136. 

5 1.  The  globe  of  the  eye  may  be  opened  and  portions  of  the  following 
tissues  removed  with  scissors : — ciliary  processes  situated  behind  the 
iris,  the  retirta  (the  most  internal  of  the  membranes  within  the 
globe),  the  choroid  (external  to  the  delicate  retina).  These,  after 
having  been  carefully  washed  in  water,  may  be  submitted  to  emni- 
nation  in  fluid  with  the  inch  object-glass.  • 

The  ciliary  processes  and  the  choroid  require  to  be  well  washed 
in  order  to  remove  the  black  pigment  with  which  they  are  covered. 

52.  Portions  of  the  lung  and  intestines  of  the  frog  maybe  remoiH 
and  after  being  well  washed,  may  be  submitted  to  examination. 
These  are  to  be  examined  by  transmitted  light,  and  may  be  pUced 
in  glycerine.  The  inch  object-glass  should  be  employed  in  the  first 
instance,  and  afterwards  the  quarter. 
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TABLE    VIII. 

ON    PREPARING   AND   MOUNTING    MINERALQGICAL  SPECIMENS   FOR 
MICROSCOPIC    EXAMINATION.      BY   MR.    F.   RUTLEY. 

;3.  Grind  down  and  mount  a  thin  section  of  marble  (ordinary  marble, 
such  as  is  used  for  chimney-pieces),  §  %ei,  pp.  212,  215.* 

54.  Examine  by  trans,  light  and  by  refl.  light,  and  note  cleavage  planes. 

JS-  Examine  it  by  polarised  light,  p.  220,  and  note  the  twinning  bands. 

)6.  Grind  down  and  mount  a  section  of  basalt  containing  felspar  crys- 
tals, visible  to  the  naked  eye,  and  examine  it  by  transmitted  light. 
The  dark  crystals  or  patches  may  be  magnetite,  titaniferous  iron, 
pyrites,  or  pseudomorphs  after  felspars,  augite,  olivine,  &c.,  p.  233. 

57.  Examine  by  transmitted  light,  during  the  revolution  of  a  Nicol's 
prism,  beneath  the  stage,  no  analyser  being  used.  Note  the  di- 
chroism  of  any  hornblende  that  may  be  present,  or  that  of  any  crystals 
or  plates  of  magnesian  mica,  if  cut  transversely  to  the  crystallo- 
graphic  axis.  Note,  also,  the  general  absence  of  dichroism  in  the 
augite,  and  if  any  good  transverse  sections  of  crystals  of  that  mineral 
be  present,  measure  the  angles  of  the  prism,  either  by  means  of  a 
goniometer  or  by  the  camera  and  a  protractor.  Note  the  rough 
surfaces  of  any  olivine  crystals  and  their  rounded  angles. 

$8.  Adjust  the  analyser  and  observe  the  twin  banding  in  the  felspar 
cr)'Stals  (Plagioclase).  Note  whether  any  of  the  augite  or  olivine 
crystals,  p.  227,  exhibit  a  pieced  structure,  by  polarised  light ;  if  so, 
they  are  probably  pseudomorphs.  If  they  be  of  serpentine,  observe 
the  neutral  tints  in  which  they  polarise. 

59.  Examine  a  smoothly-ground  chip  of  the  same  rock  to  ascertain 
the  nature  of  the  opaque  matter.  For  this  purpose,  a  bull's-eye  con- 
denser or  a  silver  reflector  may  be  used ;  if  the  surfaces  look  brassy 
and  tolerably  bright,  pyrites,  or  copper  pyrites  is  probably  present. 
Test  the  substance  by  isolating  a  small  fragment  of  it,  and  examining 
it  before  the  blow-pipe. 

60.  Scrape  out  a  little  of  the  supposed  serpentine  from  the  rock  and 
examine  it  for  magnesia. 

61.  If  magnetite  be  suspected,  hold  a  chip  of  the  rock  near  a  magnetic 
needle,  keeping  a  sheet  of  paper  between  it  and  the  mouth  and 
nose,  so  that  the  breath  may  not  cause  any  deflection. 

>2.  Note  the  forms  of  the  sections  of  magnetite,  which  vary  with  the 
directions  in  which  they  have  been  cut  through  the  crystal. 
*  During  the  grinding  of  the  section),  they  should  be  frequently  washed  and 
;:juimined  with  a  lens.  The  different  forms  of  any  imbedded  crystals  should  be  care- 
Tilly  noted,  the  hardness  of  doubtful  minerals  tested  with  the  point  of  a  knife  and  re- 
igcnts  applied  if  necessary.  The  facilities  offered  for  the  application  of  such  simple 
;ests  is  one  of  the  great  advantages  which  the  student  derives  from  preparing  his  ow« 
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TABLE    IX. 

ON    EXAMINING   AND   MOUNTING    MINERALS    FOR   THE    MICROSCOPE. 
BY  MR.    F.   RUTLEV. 

63.  Grind  and  mount  a  section  of  granite.  Observe  the  strong  chro- 
matic polarisation  of  the  quartz,  and  the  darkness  which  ensues  in  a 
transveree  section  of  a  quartz  crystal  when  the  Nicols  are  crossed 
Note,  also,  the  twinning  of  the  felspars,  the  orthoclase  presenting 
only  two  twin  lamellae  (Carlsbad  type),  while  any  plagiockse  crystals 
which  may  be  present  show  numerous  bands. 

64.  Examine  the  quartz  under  a  quarter  inch  objective,  to  ascertain  the 
presence  or  absence  of  minute  cavities,  and  note  their  nature,  and, 
if  containing  fluid,  the  relative  size  of  the  cavity,  as  compared  with 
that  of  the  bubble,  §  an,  p.  235. 

65.  Grind  and  mount  a  section  of  hornblende  schist,  syenite,  or  diorite, 
and  examine  it  under  the  microscope  during  the  rapid  revolution  of 
the  polarising  prism  only,  and  note  the  strong  dichroism  of  the 
hornblende.  If  any  good  transverse  sections  of  hornblende  crystals 
occur,  measure  the  angles  of  the  prism  and  compare  with  the 
measurements  of  the  augite  in  the  basalt  already  examined  Also 
measure  the  angle  of  intersection  of  the  corresponding  cleavages 
and  compare  them  with  that  of  the  augite. 

66.  Grind  and  mount  a  section  of  pitchstone,  and  make  a  drawing 
showing  some  of  the  included  crystals  and  microliths,  p.  2  33.  Ailer 
making  the  outline,  by  means  of  the  camera,  remove  the  preparation 
and  replace  it  by  a  Maltwood's  or  other  finder.  Note  the  spot 
indicated  by  the  finder  on  the  margin  of  the  drawing.  Remove  the 
finder  and  shift  the  stage  (if  a  mechanical  one). — §  a»,  p.  47. 

67.  Replace  the  finder ;  verify  the  correct  spot.  Replace  the  prepara- 
tion and  complete  the  drawing,  filling  in  the  detail  without  the 
assistance  of  the  camera. 

68.  Girind  and  mount  a  section  of  phonolite,  Note  how  the  transverse 
sections  of  the  nepheline  crystals  become  dark  when  seen  between 
crossed  Nicols,  while  sections  of  the  same  mineral,  cut  in  a  different 
direction,  do  not.  Compare  the  sections  of  nepheline  with  sections 
of  apatite  which  may  be  found  in  slices  of  such  rocks  as  granite, 
syenite,  diorite,  basalt,  &c 

69.  Grind  and  mount  a  section  of  felstone,  and  examine  it  by  ordinary, 
transmitted,  and  then  by  polarised  light. 

70.  Prepare  a  section  of  minette  (Mica  Trap)  and  compare  it  with  the 
preceding  section. 

71.  Compare  sections  of  quartz,  porphyry,  and  granite  with  the  two 
preceding  sections,  p.  231.  ^ 


TABLES.  473 

72.  From  the  foregoing  observatioDS  make  a  tabulated  list  of  the  rocks 
examined,  and  of  the  minerals  which  any  two  or  more  of  them  con- 
tain in  common,  writing  opposite  the  name  of  each  mineral  its 
chemical  composition,  and  the  ciystallographic  system  to  which  it- 
belongs* 


TABLE   X. 

OF  THE  USE  OF  CHEMICAL  REAGENTS  IN   MICROSCOPICAL 
INVESTIGATION. 

73-  Test  the  powder  on  the  glass  slide  for  the  presence  of  carbonate, 
(chalk),  using  the  precautions  detailed  in  §  S09,  p.  261. 

74.  Each  of  the  solutionst  is  to  be  diluted  and  separately  tested  for 
sulphates,  phosphates,  and  chlorides. — §  s«9,  p.  261. 

75.  Make  some  crystals  of  common  salL 

a.  By  evaporating  a  solution  rapidly  to  dryness  on  a  glass 

slide. 
d.  By  allowing  the  solution  to  evaporate  slowly  until  crystals 

form,  when  a  thin  glass  cover  may  be  applied   and    the 

crystals  subjected  to  microscopical  examination. — §  si4, 

p.  264,  pL  LVIII,  fig.  8,  p.  218. 

76.  Fill  one  of  the  little  bottles  with  capillary  orifices  with  acetic  acid. — 
§  SOT,  p.  260. 

77.  Examine  some  of  the  white  fibrous  tissue^  under  a  quarter,  before 
and  after  the  addition  of  a  drop  of  acetic  acid. — §  a»l,  p.  254- 

78.  Ascertain  the  effect  of  a  solution  of  caustic  soda  §  upon  the  cells  on 
the  slide. — §  sti,  p.  257. 

79.  Describe  the  microscopical  characters  of  the  structures  upon  the 
glass  slide,|I  and  sketch  roughly  their  most  important  characters. — 

$  »■»>  P-  39- 

80.  What  is  the  nature  of  the  substances  forming  the  deposit  in  the 

g^?ir 

*  The  above  scheme  for  the  prcliminaiy  examination  of  minerals  and  rocks  under 
the  micmscupe,  may  be  of  use  to  the  beginner  if  carefully  followed  out.  It  must, 
however,  be  considered  merely  as  a  rough  sketch,  and  as  his  studies  progress  he  will 
have  to  familiarise  himself  with  many  minerals  and  rocks  which  are  not  mentioned 
here,  and  with  other  methods  of  research.  In  Tables  VIII,  IX,  only  the  most  salient 
microscopic  features  are  considered.  Methods  for  ascertaining  the  precise  nature, 
even  of  the  common  rock-forming  minerals,  must  be  sought  in  books  specially  devoted 
to  the  subject. 

•y  Sulphate  of  soda,  phosphates  of  lime,  and  ammonia  and  magnesia,  and  common 
s>lt  dissolved  in  water  to  which  a  few  drops  of  nitric  acid  have  been  added. 

i  The  white  tendon  of  a  muscle  of  any  small  animal,  as  a  mouse,  &c.     g  Cuticle. 

II  Eye  and  proboscis  of  Rj.  Y  PoUto-starch,  blanket-hair,  feathers. 
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EXERCISES    FOR    MORE    ADVANCED 
STUDENTS. 


The  foregoing  tables  contain  exercises  for  commencing  students,  but 
any  one  who  has  been  through  them  will  be  able  to  practise  different 
branches  of  special  inquiry  not  included  if  he  refers  to  the  different 
parts  of  the  work  in  which  these  special  matters  are  treated  of : 

On  staining  tissues,  see  §  196,  p.  1 23, 

On  collectipg  and  dredging,  see  §  SK4,  p.  175. 

On  keeping  the  lower  animals  in  aquaria  and  vivaria,  see  §  SSS, 
p.  182. 

On  examining  the  lower  animals  during  life,  see  %  SSK,  p.  186. 

On  demonstrating  the  contractility  of  muscle  and  ciliary  movements, 
see  %  »8,  p.  189,  §  S6I,  p.  193. 

On  demonstrating  vegetable  tissues  and  the  circulation  in  the  cells 
of  certain  plants,  sa  %  >6b,  p.  198. 

On  the  movements  of  living  beings,  and  on  vital  movements,  see 
p.  201  to  p.  206. 

Of  the  microscopic  structure  of  iron  and  steel,  see  %  aia,  p.  236- 

On  preparing  fossils  for  microscopical  examination,  see  §  174,  p.  237. 

On  making  and  recording  microscopical  observations,  and  of  the 
fallacies  to  be  guarded  against,  see  §  wi  to  §  X8«,  p.  239. 

On  spectrum  analysis,  see  %  3t8  to  §  sss,  p.  269. 
On   taking   photographs  of  microscopic  objects,  see  part  V,  from 
p.  284  to  p.  342. 

On  using  the  highest  magnifying  powers,  see  §  ass  to  §  sss,  p.  344. 

On  preparing  specimens  for  examination  under  the  highest  ]X)wers, 
see  p.  366. 

For  new  views  concerning  the  structure  and  mode  of  growth  of 
tissues,  sce^.  381, 

For  new  views  concerning  the  nature  of  life,  see  §  »87,  p.  397. 

For  new  views  on  the  structure  and  action  of  a  nervous  apparatus, 
see  p.  406. 


TABLES. 


475 


APPARATUS    REQUIRED    IN    MICRO 
SCOPICAL   INVESTIGATION. 


I. — Tbe  nicrOBCopc. 

NECESSARY. 

I.  Microscope  with  large  stage,  firm  tripod 
stand,  coarse  and  5ne  adjustments, 
double  mirror,  and  arrangement  for 
inclining  body;  generally  termed  the 
Student's  Microscope. — §  is,  p.  13,  pis. 
IT,  III,  IV. 

The  student's  microscope  with  two  powers 
and  bull's-eye  condenser  costs  from  five  to 
ten  guineas. 


ADVANTAGEOUS. 

Large  microscope  provided 
with  movable  stage  and 
all  the  modem  improve- 
ments.— §  16,  p.  13,  pi. 
VII,  p.  16. 


With  two  powers,  this  in- 
strument costs  from  twenty  to 
thirty  guineas. 


2.  Pocket  Clinical  or  Field  Microscope,  in     Binocular       microscope. — 
case,  with  pipettes, ,  test-tubes,  &c. —        §  11,  p.  8,  pL  V. 
§  30,  pi.  X,  p.  20. 


Object-glasses. — i.  77ie  iruh,  magnifying 
from  30  to  40  diameters,  the  glasses  of 
which  can  be  removed  one  by  one,  so 
that  lower  powers  can  be  obtained. 
2.  77te  quarter  of  an  inch  magnifying 
about  200  diameters.  These  glasses 
should  define  well,  the  field  should  be 
perfectly  flat  and  free  from  coloured 
fringes,  and  they  should  admit  a  suffi- 
cient amount  of  light — §  6,  p.  8,  pi.  I, 
figs.  7,  8,  p.  6. 


Two-inch  object-glass. — §  a, 

p.  8. 
Eighth  of  an  inch. 
Twelfth  of  an  inch. 
Twenty-fifth. 


II. — AccesMiT  AppanitiiB. 

4,  Diaphragm  plate. — §  1*,  p.  12,  §  36,  p.  Gilleii's    achromatic    con- 

30,  pi.  I,  fig.  9,  p.  6.  dmser. — §  39,  p.  30. 

<^.  BulVs-eye condenser. — §17,  p.  26,  pi.  XVI,  Polariscope. — §13,    p.  22, 

figs.  2,  4,  p.  28.  pi.  XVI,  figs.   I,  2,  p. 

34. 
6.    Universal  condenser.  Spot  glass. — §  ss,  p.   28, 

pL  XV,  fig.  3,  p.  26. 
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For  Artificial  Illumination. 

NECESSARY. 

7.  Small   paraffin  lamp. — §  ss,   p.   25,  pL 
XIV,  fig.  2,  p.  24. 


ADVANTAGEOUS. 

Smith  and  Beck's  cam- 
phine  lamp,  or  Mr. 
Highley's  gas  lamp. — 
§a»,  p.  25,  pi  XIV, 
fig.  4.  p-  24- 

Bockett  lamp,  pL  XIV,  fig. 

3.  P-  24- 


M^ecta. 


III. — Appaimtiu  fsr  Dn 

8.  Neutral  tittt  glass  reflector. — §  44,  p.  33, 

pi.  XVII,  fig.  4,  p.  34. 

9.  Common  hard  pencils,  steel  pens,  In- 

dian ink,  fine  Bristol  board,  smooth 
white  paper. 

IV. — Apparmtus  Cdf  HeasarlnK  Oltfecte  and  fve  AKcrCalnlnB  the 
MmtbIWuc  Power  of  tbe  ObJecUSUuMS. — §§  K8  to  6«,  p.  41- 

10.  Stage  micrometers,  divided  into  looths     Nobert's  lines,  which  may 
and  i.oooths  of  an   English  inch. — 
§  so,  p.  42. 

Neutral  tint  glass  r^ector. — §  44,  p.  33, 
pi.  XVII,  fig.  4,  p.  34. 


be    used    also    as   tat 
objects, — §  •!,  p.  42. 
Maltwood's  finder,  or  the 
arrangement    described 
in  p.  42. 


V. — InBtranicDtB  kdH  Apparatni  for  GcncnU  Purposes. 

11.  Wire  retort    stand. — §  lo,    p.    49,    pi      Water    bath. — §  7S,     pi 
XVIII,  fig.  2,  p.  48.  XVIII,  fig.  6,  p.  48. 

12.  Tripod  wire  stands.— %  it,  pi  XVIII, 
figs-  4,  5- 

13.  SpiHt  lamp.—%  «s,  pi  XVIII,  fig.  3. 

14.  Evaporating  basins. 

15.  Watch  glasses. — §  8S,  p.  54. 

16.  Iliin  glass.— %  84,  p.  53. 

17.  Plate-glass  slides.— %  s3,  p.  53. 

VI. — Inatriuncnts  for  MrUiis  DlBBecUanB  and  for  CoCtlnc  Tbin 
Sections  of  Soft  liBsnes. 


i8.   Common  scalpels.— %  94,  p.  50. 


i8j.  Double-edged  scalpel.— ^  1»,  pi  XVIII, 
figs.  8,  9,  10,  p.  48. 


Valentin  s  knife. — §  11,  p. 
51,  pL  XIX,  figs.   I,  2, 

p.  5*- 

Spring  scissors. — §  l»,  p 
51,  pi  XIX,  fig.  6,  p. 
52- 
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ADVANTAGEOUS. 

Compressorium.  — §  149, 
p.  96,  pi.  XXV,  figs.  3, 
4,  p.  92. 


Section  cutter,  p.  92. 
Freezing  apparatus^  p.  94. 


NECESSARY. 

19.  Scissors. — Ordinary  form  and  two  small 
pair,  one  with  curved  blades. — §  79, 
p.  51,  pL  XIX,  figs.  5,6,  7,  p.  52. 

20.  Needles    mounted   in   handles. — §   s«, 

fig-  3,  P-  52- 
20(J.  Needles  flatlemd  near    the  points. — 
§80,p.  52,  fig.  3. 

21.  Forceps. — One  pair  of  ordinary  dissect- 

ing forceps,  and  one  pair  with  curved 
blades. — §  si,  p.  52,  pi.  XIX,  figs.  8,  9, 

For  Dissecting  under  Water. 

22.  Glass  dishes  of  various  sizes  from  an     Large  BulPs-eye  Condenser^ 
inch  to  two  inches  in  depth. — §  144, 
p.  91. 

23.  Loaded  corks. — §  I4B,  p.  gr,  pi.  XXV, 

fig.  2,  p.  92. 

24.  Fine  pins  ^T\A  thin  silver  wire. 

25.  Tablets  of  wax  and  gutta-perchx — 
§  148,  p.  92. 


for  condensing  a  strong 
light  upon  the  object — 
§  I4B,  p.  91,  pi.  XXV, 
fig.  I,  p.  92. 


For  Cutting  Thin  Sections  of  Hard  Tissues. 

26.  Saw  with  fine  teeth,  for  cutting   thin     Section  cutter  for    cutting 

sections    of    bone.  —  §    iss,    p.    97, 
pi.  XXV,  fig.  8,  p.  92. 

27.  Hones  for  grinding  the  sections  thinner 

and  polishing  them. — §  iBS,  p.  97. 

28.  Strong  knife  for  cutting  thin  sections  of 
horn,  &c— §  IBB,  p.  98,  pL  XIX, 
fig.  4,  p.  52. 


thin  sections  of  wood. 
— §  IB6,  p.  99,  pi.  XXV, 
fig.  6,  p.  92. 


VII.— Cements. 

29.  Brunswick    black,    containing    a    few 

drops  of  a  solution  of  India-rubber  in 
coal  naphthx — §  W,  p.  55. 
29<i.  Beirs  cement. — §  ••,  p.  55. 

30.  Marine  glue.— ^  92,  p.  55. 

31.  Gum  water. — §  91,  p.  58. 

32.  Gum  thickened  with  starch  or  whiting. 
— §  97,  p.  58- 

33.  French  cement,  composed  of  lime  and 

India-rubber.— I  9s,  p.  58. 


Gold  size. — §  §1,  p.  54. 
Solution      of    Shell-lac  ■ 
§  9».  P-  55- 
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NECESSARY. 

34.  Spirit  and  water. — §  so,  p.  64. 
35-  Glycerine. — §  loO,  p.  64. 


ADVANTAGEOUS. 

Gelatine  and  Glycerine. 

§ioa,p.  67. 


Til  1.— PrcMmtlTC. 

36.  Solution  of  naphtha  and  crwsote. — §  los,     Gum       and    ^yemne. 
p.  66.  §  xvi,  p.  69. 

37.  Chromic  acid. — §  I04,  p.  67. 

38.  Turpentine. 

39.  Canada  balsam. — §  04,  p.  56. 


Skadbolfs  apparatui.- 
§  lis,  p.  70,  pL  X 
%■  5.  P-  54. 


IX. — Appmmtas  ■eqnlred  for  HkUhk  Cell*  and  for  Cnttliis 
Grinding  eUus. 

40.  Brass  plate  ioT  heating  slides  to  which 

marine  glue  is  to  be  applied — §  n, 
p.  50,  pL  XIV,  fig.  4,  P-  24- 
Cements  before  enumerated. — §§  87  to 
9§. 

41.  Small  brush  mzde  oi  hn&lGS. 

42.  Tinfoil  of  different  degrees  of  thick- 
ness.— §  118,  p.  71. 

43.  Writing  Diamond.  —  §  lis,  p.  71, 
pl.  XX,  fig.  8,  p.  54. 

44.  Glazier's    diamond. — §  119,    pL    XX, 

fig-  6,  p.  54. 

45.  I^lat  stone  or  pruMcr  plate  for  grinding 
glass. — §  HO,  p.  71. 

46.  Emery  poii-dcr. 

47.  Old  knife  and  small  chisel  for  cleaning 
off  sui)erfluous  glue. — §  iss,  p.  72, 
pl.  XX,  fig.  7,  p.  54. 

48.  Solution  of  potash  (liquor  potass-Te.) 

49.  Scttions  of  glass  tabis  and  of  thick 
square  vessels  of  various  sizes,  for 
making  cells  for  the  preservation  of 
injections. — §  117,  p.  74,  pl.  XXI, 
figs.  5  to  9.  p.  76. 

X. — Aiip&ratns  for  PraMnrlBS  Object*  In  Air,  FlaM,  aiid  C^amada 


Brass  rings  for  cullir 
circles  of  thin  glass.- 
§  il»,    p.    71,  pL   H 

fig-  9.  P-  54- 
1 1  ooden  forceps  for  holdii 
glass  slides. — §  s%  p.  5 


Shal!o7v  coneai-e  glass  ah 
Moulded     glass     cells.  - 
§  ISO,  p.  75. 


5°- 


Cells  of  various  sizes,  before  enume- 
rated.—§  126,  \\  73,  pl.  XXI,  fig.  4, 
p.  76. 

BruftFtcick  black. 
Gum  thickened  with  whiting. — §  97. 


Apparatus  for  pressii 
donii  the  thin  gla 
co%erwhile  the  cement 
dr)ing.— 5  »«,  p.  57.1 
XA',  figs.  3,  4, 10,  p.  5 
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NECESSARY. 

S  I.  I^in  glass  cut  of  the  requisite  size. 
513.  Preservative  solutions. — S§  90  to  lis, 
p.  64. 

52.  H^ArA  glasses  to  soak  sections  in  the 
preservative  fluids. — §  sa,  p.  54. 

53.  G/ass  sAades  to  protect  recently 
mounted  preparations  from  dust. — 
§  8«,  p.  54,  pi.  XX,  fig.  I,  p.  54. 

54.  Brass  plate, — §  flJ,  p.  50,  pi.  XIV, 
fig.  4,  p.  24. 

Canada  balsam.— %  94,  p.  56. 
Needles  to  remove  air  bubbles. 


ADVANTAGEOUS. 

Live  cells  for  keeping 
bodies  alive. 

Bdl  jar  with  vessel  for 
sulphuric  add.  —  PI. 
XXIV,  fig.  5,  p.  88. 

Air  pump  to  remove  air 
bubbles  from  the  in- 
terstices of  a  tissue. — ■ 
§  143,  p.  88,  pi.  XXV, 
fig.  5.  P-  92- 


troughs    for    Zoo- 
phytes.—%  iss,  p.  76. 


XI. — ApparmtoB  Bcqalred  fbr  the  Separation  of  Bepeilta  from 
Fluids  and  for  their  Preterratlon. 

55.  Conical  glasses. — §  iBl,  p.  99,  pi.  XXVI,     Glass 
fig.  3,  p.  100. 

56.  Pipettes.— %  IBS,  p.  100,  pL  XXVI, 
fig.  2,  p.  100. 

57.  Wash^onk.—%  las,  p.  loi,  pi.  XXVI, 

fig-  5-  P-  loo- 

58.  Cdls for  examining  infitsoria. — pi.  VIII, 
fig.  8,  p.  18. 

59.  Animalcule  cage. — §  1S4,  p.  76, 
pL  XXII,  fig.  7,  p.  78. 

XII. — Inatnunents  and  Apparatns  Required  far  Making 
imcctlouB. 

60.  Injecting  syringe,  holding  from  half  an 
ounce  to  an  ounce. — §  i6s,  p.  102, 
pi.  XXVII,  figs.  4,  5,  p.  104. 

61.  Pipes  of  various  sizes. — §  I8B,  pi. 
XXVII,  figs.  10,  II. 

62.  Corks  for  stopping  the  pipes. — §  iss, 
pi.  XXVII,  fig.  3. 

63.  Nadle  for  passing  the  thread  round 
the  vessel.— §  isk,  pi.  XXVII,  fig.  12. 

64.  Thread  of  different  degrees  of  thick- 
ness. 

64a.  Bull's  nose  forceps  for  stopping  vessels.     Apparatus  for  injecting  by 
— §  18ft,  pi.  XXVII,  fig.  2.  mercurial    pressure,    p. 

104. 


Stop  cocks. — §  les,  p.  102, 

pi.  XXVII,  fig.  9,  p.  104. 
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For  Making  Opaque  Jnjedions. 


ADVANTAGEOUS. 

Injecting  can,  made  of 
copper.— §  !«•,  p.  103, 
pi.  XX\-II,  fig.  6,  pu 
104. 


NECESSARY. 

65.  Size  or  Gelatine. — §  168,  p.  105. 

66.  Vermilion. — §  we,  p.  105. 

67.  Bichromate  of  potash  ziiA.  acetate  of  lead 

for  making  solutions  for  precipitating 
yellow  chromate  of  lead. — §ni,  p.  105. 

68.  Carbonate  of  soda  and  acetate  of  lead 
for  making  solutions  for  precipitating 
carbonate  of  lead. — §  ifi,  p.  105. 

For  Making  Transparent  Infections. 

69.  Ferrocyanide  of  potassium.     "Muriated    Carmine. — §  18«,  p.  iii. 
tincture  of  iron."   Glycerine  and  Spirits 

ofwim  for  preparing  the  Prussian  blue 
infecting  fluid. — §  \i%,  p.  109. 

XIII. — Of  Stalnluff  Tfisnn. 

70.  Carmine  fluid  for  colouring  the  bio- 
plasm of  tissues. — §  IS9,  p.  125. 

XIT. — CtaemlaU  ABatysla  In  Hierowoplcal  InvntlsmtlSK. 

71.  Platinum  foil.  Small  platinum  capsule. 

72.  Test  tubes  and  rack.—Tl  1X1,  fig.  5, 
p.  262, 

73.  Small  tubes  about  an  inch  or  an  inch     Small  flasks. 
and  a  half  in  length.  Platinum  wire. 

74.  Stirring  rods. 

75.  Evaporating  basins.— PI.  XVIII,  fig.  6, 
p.  48. 

Watch  glasses.~%  85,  p.  54. 

76.  Small  glass  bottles  with  capillary  orifices. 
— §301,  p.  260,  pi.  LXI,  figs.  I  to  4, 
p.  262. 

77.  Wire  triangles,  tripods. — §  71,  p.  50, 
pi  XVIII,  figs.  4.  5.  P-  48. 

78.  Small  retort  stand. — §  f«,  p.  49,  pi. 
XVIII,  fig.  2,  p.  48. 

Rcascnts : — 

79.  Alcohol. — §  389,  p.  253. 

80.  Ether.     Chloroform. — §  S9*,  p.  253. 

81.  Nitric  acid. — §  S92,  p.  254. 

82.  Sulphuric  acid. — §  S9a,  p.  254. 
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83.  Acetk  acid. — %  S9S,  p.  354. 

84.  Hydroehhric  acid. — §  >•«,  p.  354. 

85.  Ammonia. — §  80»,  p.  257. 

86.  Solution  of  potash. — §  sgs,  p.  256. 

87.  Solution  of  soda. — §  100,  p.  357. 

88.  Nitrate  of  siher. — §  sos,  p.  358. 

89.  Nitrate  ofbarytes. — §  sos,  p.  258. 

90.  Oxalate  of  ammonia. — §  ao4,  p.  258. 

91.  Iodine  solution. — §  s»B,  p.  358. 

92.  lest  papers, 

XT. — Cabinet  far  rrcsenliiK  MleriMeaple  Sfcelmeiu. 

93.  Drawers  ananged  so  that  the  speci- 
mens may  be  petfeeily  flat. — §  »ie, 

p.  339- 

94.  Soxes  with  trays  for  coDtaining  speci- 
mens, pp.  276,  239. 

The  apparatus  required  for  mineralogical  investigation  is  described 
in  p.  207,  et  seq.  The  instruments  and  apparatus  required  in  micro- 
spectroscopic  work  will  be  found  in  sections  318,  319,  pp.  269-283. 

Other  instruments  for  special  minute  research  are  referred  to  in 
other  parts  of  the  volume,  and  will  be  easily  found  if  the  index  be  con- 
sulted. A  list  of  the  makers  of  microscopes,  and  of  instruments  and 
apparatus  required  by  the  microscopist,  and  the  preparers  of  micro- 
scopic objects,  will  be  found  at  the  end  of  this  work,  after  the  index. 
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WORKS  ON  THE  MICROSCOPE,  NATURAL  HISTORY, 
PHOTO-MICROGRAPHY,  &c.,  USEFUL  TO  THE  ETTU- 
DENT,  AND  A  COMPLETE  BIBLIOGRAPHY  OF  PHOTO- 
MICROGRAPHY. 

The  Microscope.    Prof.  Quekett    Bailliftre.     1852- 

The  Microscope  and  its  Revelations.     Dr.  W.  B.  Carpenter,  F.R.S. 
John  Churchill  and  Sons. 

The  Microscope;  its  History,  Construction,  and  Teachings.  JabeiHogg. 

Manual  of  Human  Microscopic  Anatomy.     Prof.  KttUiker.    Translwioo 
by  Dr.  Chance. 

Histology,  Vegetable  and  Animal  Structures.    QueketL 

The  Microscope  in  Medicine.    Uonel  S.  Beale,  F.R.S.     Fourth  edition 
1878.     Churchill  and  Sons. 

On  the  Structure  and  Growth  of  Tissues.     Lionel  S.  Beale,  F.R.S.  1861. 
Churchill  and  Sons. 

Text  Book  of  the  Microscope.     Dr.  Griffith,  F.L.S.     1864.    John  Van 
Voorst 

Text  Book  of  Objects  for  the  Microscope.  J.  Lane  Clarke.  Groombridge 
and  Sons. 

The  Preparation  and  Mounting  of  Microscopic  Objects.  Thomas  Daria 
Second  edition,  edited  by  John  Matthews,  M.D.    Bogue. 

A  Manual  of  Microscopic  Mounting.    Jno.  H.  Martin.     1879. 

Micrograpbic  Dictionary.    Griffith  and  Henfrey.    New  edition.    1875. 

Microscopic  Teachings.    The  Hon.  Mrs.  Ward.    Groombridge. 

Half-hours  with  the  Microscope.     Dr.  Lankester,  F.R.S. 

Evenings  at  the  Microscope.     P.  H.  Gosse,  F.R,S. 

Protoplasm  or  Matter  and  Life,  by  Lionel  S.  Beale,  F.R,S.  Third  edition. 
1874- 

Bioplasm,  an  introduction  to  Physiology  and  Medicine,  by  Lionel  S. 
Beale,  F.R.S. 

On  Life  and  on  Vital  Action  in  Health  and  Disease,  by  the  same.    1875. 

Natural  History. 

Comparative  Anatomy  of  Vertebrata,  by  Owen.     1866. 

Odontography,  by  Owen.     Two  vols.     1845. 

On  the  Skeleton,  by  Owen.     1848. 

Animal  Kingdom,  by  Rymer  Jones.     1855. 

The  Animal  Creation,  by  Rymer  Jones,  1865.  Society  for  Promoting 
Christian  Knowledge. 

Natural  History  of  the  European  Seas,  by  Edward  Forbes.     1859. 

Chart  of  the  Distribution  of  Marine  Life,  by  Edward  Forbes,  One  of 
the  maps  in  Keith  Johnstone's  Physical  Atlas,  but  sold  separately. 

British  Reptiles.     Thos.  Bell.     1839. 

British  Fishes.     Wm,  Yarrel.     Two  vols.     1839. 

Mollusca,  by  S.  P.  Woodward.     1856. 
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Nudibranchiate  Mollusca,  by  Alder  and  Hancock.     1854. 

Medusae,  by  Edward  Forbes.    Pub.  by  Ray  Society. 

Oceanic  Hydroioa,  by  Huxley.     1859. 

Actinologia  Britannica,  by  P.  H.  Gosse.    London,    i860. 

British  Zoophytes,  by  Geo.  Johnstone.     1838. 

British  Starfishes  and  Echinodennata,  by  Edward  Forbes.     1841. 

Cirripedia.    Chas.  Darwin.     1854. 

British  Crustacea.    Thos.  BelL     1853. 

Entomostraca.    W.  Baird,  M.D.     1850. 

Spiders.    John  BlackwelL     1861. 

Introduction  to  Entomology.    Westwood.    Two  vols.     i86a 

On  Parasites.     Henry  Denny.     1S42. 

Entozoa.    S.  Cobbold.     1864. 

A  Manual  of  the  Sub-kingdom  Protozoa.  J.  R.  Greene,  B.A.  St  George 
Mivart 

CoElenterata.    J.  R.  Greene,  B.A.    Longman.     1863. 

On  Sponges,  by  Bowerbank  and  Johnston.     1864. 

On  Foraminifera.    Williamson  and  Carpenter.     1862. 

The  Anatomy  and  Physiology  of  the  Blow-fly,  by  B.  T.  Lowne.  Van 
Voorst     1870. 

A  Manual  of  the  Anatomy  of  Invertebrated  Animals,  by  T.  H.  Huxley. 
1877. 

Manual  of  Zoology,  by  H.  AUeyne  Nicholson.  1878.  Fifth  edition. 
Blackwood  and  Sons. 

Mon(^raph  of  the  British  Aphides.     G.  Buckton.    Vols.  1  and  II.    1879. 

Works  on  Collecting. — The  Aquariuh,  etc 

The  Collector's  Handy-book  of  algje,  diatoms,  desmids,  fungi,  lichens, 
nosses,  &c.    Translated  and  edited  by  the  Rev.  W.  W.  Spicer,  M.A.    Bogue. 

Manual  of  British  Marine  Zoolc^.  Gosse.  Two  volumes,  with  678 
Ilustrations.    A  most  useful  epitome. 

The  Aquarium.     Gosse. 

Devonshire  Coast    Gosse. 

Tenby.    P.  H.  Gosse.    Land  and  Sea.    Gosse. 

Seaside  Book.     Harvey. 

Seaside  Studies.    G.  H.  Lewes. 

Marvels  of  Pond  Life.     H.  J.  Slack. 

Butterfly  Vivarium.     Noel  Humphreys. 

The  Common  Objects  of  the  Microscope.    The  Rev.  J.  G.  Wood. 

The  Common  Objects  of  the  Country.    The  Rev.  J.  G.  Wood. 

The  Common  Objects  of  the  Sea  Shore.    The  Rev.  J,  G.  Wood. 

The  Aquarium  of  Marine  and  Freshwater  Animals  and  Plants.  G.  B. 
«werby,  F.R.S. 

On  Botany,  Desmidi^  Diatomace^  etc. 

Handbook  of  British  Fungi,  by  M.  C.  Cooke.     Macmillan.     1871. 

Botany,  by  Prof.  Balfour.     Edinburgh. 

Botany,  by  Prof.  Bentley. 

A  History  of  Infusoria,  including  the  Desmidiae  and  Diatomaceae,  by 
Jidrew  Pritchard.     Fourth  edition. 
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Botanical  Microscopy,  by  Scbacht    Translated  by  Cunie. 

DesmidiK.  Ralphs.  British  Diatomaceae.  Smith. 

British  Freshwater  Algae.  HassalL 

British  Marine  Algx.  Harvey. 

British  Seaweeds.  With  Notices  on  some  of  the  Freshwater  A^ 
The  Rev.  D.  Landsborough. 

Microscopic  Fungi.  Cooke.  Cryptogamise.  Hofmeister. 

British  Mosses.  Wilson.  British  Lichens.  Landers. 

British  Ferns.  Newman. 

Observations  on  Fossil  Vegetables.     Lond.  and  Edinb.     1831. 

The  Internal  Structure  of  Fossil  Vegetables.  Henry  Wittbam.  Looi 
and  Edinb.     1833. 

A  fiill  list  of  foreign  as  well  as  British  works  in  every  department  of 
natural  history  is  published  by  Mr.  Weston,  of  Essex  Street,  who  will  fomid 
catalogue  to  anyone  sending  a  penny  stamp. 

On  the  Micro-spectroscope. 
Several  works  on  this  subject  will  be  found  enumerated  on  page  283. 

Works  and  Memoirs  on  Photographv  as  applied  to  the 
Microscope. 

For  the  following  list  of  memoirs  and  works  on  photography  in  connec- 
tion with  the  microscope  I  am  indebted  to  the  kindness  of  Dr.  A.  Oiffcfd 
Mercer,  who  has  spent  much  time  in  verifying  nearly  all  the  references.  TTie 
list  is  very  accurate,  and  will  probably  be  found  of  great  use  by  those  vfao 
intend  to  work  in  this  department 

The  Transactions  of  the  Microscopical  Society  of  London. 

New  Series,  vol  i,  1853,  p.  99 :  "  On  the  Binocular  Microscope,  and  od 
Stereoscopic  Pictures  of  Microscopic  Objects."  By  Professor  C.  Wheatstone, 
F.R.S.     Communicated  by  Dr.  Lankester,  F.R,S. 

New  Series,  vol.  i,  1853,  p.  57  ;  "  On  the  Application  of  Photography  lo 
the  Representation  of  Microscopic  Objects."  By  Joseph  Delves,  Esq, 
Communicated  by  Mr.  Bowerbank.    (Read  October  27,  1852.) 

New  Series,  vol.  ii,  1854,  p.  I :  "  On  the  Application  of  Binocular  ViMim 
to  the  Microscope."    By  F.  H.  Wenham.    (Read  May  25,  1853.) 

New  Series,  vol,  iii,  1855,  p.  1 :  "Some  Remarks  on  Obtaining  Photo- 
graphs of  Microscopic  Objects,  and  on  the  Coincidence  of  the  Chemical  and 
Visual  Foci  of  the  Object  Glasses."  By  F.  H.  Wenham.  (Read  November 
22,  1854.) 
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New  Series,  vol  vi,  1866,  p.  48 :  "Count  Francesco  Castracane's  New 
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VoL  i,  1869,  p.  27:  "Heliostat  for  Photomicrography."  By  R.  L 
Maddox,  M.D. 
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Vol.  ii,  1869,  p.  289:  "  Further  Remarks  on  the  New  Nineteen-band  Test- 
plate  of  Nobert  and  an  Immersion  Lens."  By  Dr.  J.  J.  Woodward,  U.S. 
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VoL  V,  1871,  p.  150:  "  On  the  Structure  of  the  Podura  Scale  and  certain 
Test  Objects  and  their  representation  by  Photomicrogiaphy."  By  Dr.  J.  J. 
Woodward,  U.S.  Army. 
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Vol  V,  1 87 1,  p.  232:  "Approval  of  CoL  Woodward's  Efforts." 
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VoL  vii,  1872,  p.  233:  "Note  from  Dr.  Woodward." 
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VoL  i,  1861-1862,  p.  120:  "  On  Photomicrography."     By  J.  Bockett 
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VoL  xviii,  1871,  p.  503:  "How  to  produce  Microscopic  Photographs  with- 
out a  Microscope." 
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Second  Series,  vol.  xlvi,  [86S,  p.  353 :  "  Remarks  on  tlie  Nineieen-t 
Tesi-pUite  of  Nobcrt"    By  Dr.  J.  J.  Woodvrard,  U.S.  Army. 

Second  Series,  vol.  xlviii,  1S69,  p.  169:  "Additional  Remarks  on  the 
Ninetecn-band  Test-plaie  of  NobcrL"    By  Dr.  J.  J.  Woodward,  U.S.  Army.^ 

Second  Series,  xUx,  1870,  pi  3^:   "On  the  Magnesium  and 
Lights  as  applied  to  Photomicrogiaphy."    By  Dr.  J.  J.  Woodward, 
Army. 

Second  Series,  vol.  1,  1870,  p.  366:  "On  the  Oxy-calcium  Light  asapphed 
to  Photomicrography."    By  Dr.  J.  J.  Woodward,  U.S.  Army. 

Third  Series,  %*oL  i,  1871,  p.  345:  "  Memorandum  on  .Amphipleara  pello- 
cida."    By  Dr.  J.  J.  Woodward,  U.S.  Army. 

Third  Scries,  vol.  i,  1871,  p.  347:  "Memorandum  on  SurirelU  genma.* 
By  Dr.  J.  J.  Woodward,  U.S.  Army. 

Third  Series,  vol.  ii,  1871,  p.  358:  "On  l>faotographinK  lliscotogKal  he- 
parations  by  Sunlight."    By  Dr.  J.  J.  Woodward,  U.S.  Army. 

The  Atntrican  Xaiurahjt.     (Salem,  Mass.) 

Vol.  iv,  1871,  p.  473  et  seq.'.  Photomicrographs  by  Dr.  >(addos  and' 
Woodward. 

Vol  V.  1871.  p.  125:  "Photomicrographs  for  the  SteicoKOpe."  (Fim 
remarks  by  Dr.  R.  H.  Ward.) 

Vol  V,  1871,  p.  734:  Mr.  Stodder  on  Dr.  Woodward's  wort 

VoL  V,  1871.  p.  797:  "Photographing  Histoloeical  Preparations." 

Vol.  vi,  1873,  p.  184:  "Microphotography." 

Vol.  vi,  1873,  p.  188:  "  Photographing  Histological  Preparations." 

Vol  vi,  1872,  p.  318:  "Photomicrographs  Popularised."  (Hic  worii  (f 
C.  Meinenli,  Ncwburyport,  Mass.) 

Vol.  vi.  1873,  p.  562;  "Photo-mechanical  Printing."  (tn  tefisiais  «■ 
Photomicrography.) 

Vol.  vi,  1873,  777  :  "  Rewlution  of  Nobert's  Band."  By  Dr.  J.  J.  W«^ 
ward,  U.S.  Army. 

Vol  vi,  1873,  p.  778:  "  Photo-mechanical   Printing."     <ln  aSigaat^ 

atDmicrography.) 
fol.  vii,  1S73,  p.  366:  "Microscopic  Photography  of  VegeuMe  TiWifc* 
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Vol  X,  1S76,  p.  730;  Photomicrographs  at  the  International  Exhibition,. 

Philadelphia. 

VoL  X,  1876,  p.  753:  "  Microphotographs  in  Histology." 

Vol  xi,  1867,  p.  315  and  p.  318:  The  effet^t  of  photomicrography  on  the 

construction  of  objectives  in  "A  Foreign  View  of  American  Microscopy." 

The  Quarterly  Journal  of  Science.    (London.) 
New  Series,  vol.  vi,  1876,  p.  285 :  A  note  on  the  apparatus  used  by  G.  M.. 
Giles. 

New  Series,  vol  vi,  1876,  p.  425:  A  note  on  the  work  done  in  Photo- 
micrography by  Edward  H.  Gayer,  Professor  of  Sui;gery  in  the  Medical  Col- 
lie, Calcutta. 

New  Series,  vol  vii,  1877,  p,  139:  A  note  on  photomicrography. 

Tke  British  Medical  JoitrjuU.    (London.) 
1867,  October  5 :  "  Photomicrography  as  applied  to  Anatomy,  Pathology^ 

and  Jurisprudence." 

1867,  November  2:  "Medical  Application  of  Photomicrography."    (A 

letter  from  R.  L.  Maddox,  M.D.) 

Under  "Bibliography," in  the /w(r«i7/^J^.^<jyrt/  Microscopical  Society 
for  1878,  are  mentioned  the  following: — 

P.  90 :  "  Keith's  Heliostat,"  American  Journal  of  Microscopy  and  Popular 
Science,  New  York,  March,  1S78. 

P.  92 :  "  On  a  Photographic  Microscope."  By  Professor  C.  Fayel,. 
Journal  de  MicrograpMe,  Paris,  March,  1878. 

P.  92 :  "  On  Microphotography."  By  Dr.  S.  Th.  Stein.  And  "  On  the 
Use  of  Artificial  Light  in  Microphot<^raphy."  By  Dr.  J.  J.  Woodward,. 
ZHtschrifi fur  Mikroskopie,  Berlin,  January,  1878. 

P.  156:  "A  New  and  Cheap  Form  of  Heliostat"  {r  wood-cut).  By  Dr. 
L.  M.  Willis,  American  Journal  of  Microscopy  and  Popular  Science,  New 
York,  April,  1878. 

P.  156;  "  Photomicrography."  'Ry  "E.  KxeSxX,  American  foumal  of  Micro- 
scopy and  Popular  Science,  New  York,  May,  1878. 

P.  1 57 :  "  On  a  Photographic  Microscope."  (Continuation.)  By  Professor 
C.  YxftX,  Journal  d€  Micrographie,  Paris,  April,  1878. 

P.  230 :  '*  On  the  Projection  of  Microscopic  Photographs."  By  J.  C^ 
Draper,  M.D.,  LL.D.,  &c.,  American  Journal  of  Microscopy  and  Popular 
Science,  New  York,  April,  1878. 

P.  380:  A  book  by  A.  de  Barry,  "  Microphotographs  of  Botanical  Pre- 
parations," Part  i,  10  plates:  Strasburg. 

P.  380 :  A  book  by  Ch.  Fayel,  "  My  Photographic  Microscope  :"  Caen. 

P.  380 :  A  book  by  Funcke  and  Thelen,  "  Microphotograms  : "  Witten. 

P.  380 :  A  book  by  Recklinghausen  and  Meyer,  "  Microphotographs  of 
Pathological-Anatomical  Preparations."    Part  I,  10  Plates  :  Strasburg. 

Under"  Bibliography"  in  the  youmal  of  the  Royal  Microscopical  Society 
for  1879  is  the  following  : — 

P.  102:  "Microphotography,"  Zeitschrifl  fur  Mikrosko^e;  vol  i,  Part 
X  (November,  1878). 
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T/u  London,  EtUnburgk,  and  Dublin  Philosophical  Magaxtne,  FowA 
Series,  voL  v,  1853,  p.  459 :  Report  of  a  paper  read  before  the  Fhilosf^ihical 
Society  of  Cambridge,  April  26, 1853. 

Photographic  News  (London),  voL  i,  1859,  p.  104 :  "  On  the  Photographic 
Delineation  erf  Microscopic  Objects."  (Read  before  the  Photographic  Sodetjr, 
November  2,  1858,  by  J.  Reeves  Traer,  Esq.) 

The  British  and  Foreign  Medico-Ckirurgical  Revitw^  London,  1864, 
July :  A  review  of  eleven  papers  on  photomicrography. 

The  Philadelphia  Photographer^  Philadelphia,  U.S.A.,  1866,  No.  33: 
Photomicrography.     By  Dr.  J.  J.  Woodward,  U.S.  Army. 

The  Popular  Science  Review,  London,  voL  vi,  1867,  p.  54 :  "  How  to 
Photograph  Microscopic  Objects."    By  Edward  T.  Wilson,  M.B.  Oxon. 

The  Dental  Cosmos,  Philadelphia,  U.S.A.,  1869,  August :  A  review  of  a 
lecture  by  Dr.  J.  J.  Woodward,  U.S.  Army. 

The  Boston  Journal  of  Chemistry,  1872 :  An  article  on  photomicrografAy, 
by  Chas.  Stodder. 

Chicago  Lens,  Chicago,  U.S.A.,  1872  :  An  article  on  photomicrography. 

The  American  Journal  of  Medical  Sciences,  1875,  January,  p.  151 :  An 
article  on  red  blood-corpuscles,  by  Dr.  J.  J.  Woodward,  U.S.  Army. 

The  Philadelphia  Medical  Times,  U.S.A.,  1876:  "The  Application  of 
Photography  to  Micrometry,  with  Special  Reference  to  the  Micrometry  of 
Blood  in  Criminal  Cases."    By  J.  J.  Woodward,  M.D.,  U.S.  Army. 

Comptes  Rendus  des  Seances  de  P Academic  des  Sciences,  Paris,  torn,  xlv, 
1857,  p.  213:  "Images  Photographiques  d'Objects  vus  au  Microscope." 
M.  Bertsch. 

Archiv  fur  Mikroskopische  Anatomic  herausgegeben  von  Max  SchuUze, 
Professor  der  Anatomic  u$td  Director  der  Anatotnischen  Instituts  in  Bonn, 
1 867,  Dritter  Band,  Erstes  Heft,  Seite  61  :  "  Beitr^e  zur  Mikrophotographis- 
chen  Tecnik,"  von  Dr.  Berthold  Benecke  in  Konigsberg,  in  Pr. 

Rougefs  Memoir,  at  the  Academic  des  Sciences,  on  the  Photographs  of 
Microscopic  appearances  of  various  tissues — some  as  stereographs,  1867. 

Orr's  Circle  of  the  Sciences,  vol.  viii,  Practical  Chemistry,  London,  1S61 : 
In  "  Photography,"  at  p.  292,  et  seg. 

A  Handbook  of  Medical  Microscopy.  By  Joseph  G.  Richardson,  M.D., 
Microscopist  to  the  Pennsylvania  Hospital,  etc.,  Philadelphia,  1871,  p.  661 

The  Microscope  and  Microscopical  Technology.  By  Heinrich  Frcy, 
Professor  of  Medicine  in  Zurich,  Switzerland.  Translated  by  Geo.  R.  Cutter, 
Al.D.,  Clinical  Assistant  to  the  New  York  Eye  and  Ear  Infirmary.  New 
York,  1872,  p.  42,  et  scq. 

The  Chemistry  of  Light  and  Photography,  and  its  Application  to  Art, 
Science,  and  Ifidustry  (International  Scientific  Series).  By  Dr.  Hennann 
Vogel,  Professor  in  the  Royal  Industrial  Academy  of  Berlin.  London  and 
New  York,  1875,  p.  205,  et  seq. 
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A  Treatise  on  PhotograpHf.  By  W.  de  Wiveleslie  Abney,  F.R.S.,  etc 
London,  1878,  chapter  xxxvii,  p.  305. 

Micro-Photographs  in  Histology,  NormtU  and  Pathological.  By  Carl 
Seiler,  M.D.,  in  conjunction  with  J.  Gibbons  Hunt,  M.D.,  and  Joseph  G. 
Richardson,  M.D.    Macmillan  and  Co.,  1876,  1878. 

Atlas  der  allgemeinen  thxerischen  gewebelehre,  herausge^ben,  von  Theodor 
von  Hessling,  und  Julius  Kollmann,  nach  der  natur  photographirt  von  Jos. 
Albert,  K.B.,  photographer  in  Munich,  1862. 

Die  Photographie  als  Hulfsmittel  Mikreskopischer  Forschung,  von  J. 
Gerlach,  Leipzig,  Verlag  von  Wilhelm  Engelmann,  1863. 

Das  Mikroskop  und  die  Mikroskopische  Technik,  von  Dr.  Heinricb  Frcy, 
Professor  der  Medizin  in  Ziirich.    Leipzig,  1863,  Seite  37,  etseq. 

Lekrbuch  der  Mikroskopischen  Photographie  mit  Rucksicht  auf  natur- 
wissenschaftUche  Forschuxgen,  von  Oscar  Reichardt  und  Carl  Sturenburg. 
Mit  4  photographischen  Abbildungen,  Leipzig,  Verlag  von  Quandt  und 
Handel,  1868. 

La  Photographic,  appliquee  aux  recherches  ilicrographiques.  Par  A. 
Moitessier,  Paris,  J.  6.  Bailli&reet  Fils,  1866. 

EncyclopatUa  Britanmca,  1857  :  "Microscope;"  Brewster, 

United  States  Government  Reports,  War  Department,  1865,  and  since  by 
Dr.  J.  J.  Woodward,  U.S.  Army. 

Stniihsoman  Miscellaneous  Collections,  262,  The  Toner  Lectures,  Wash- 
ington, U.S.A.,  Lecture  I :  "On  the  Structure  of  Cancerous  Tumours,  and 
the  Mode  in  which  Adjacent  Parts  are  Invaded"  By  J.  J.  Woodward, 
Assistant  Surgeon,  U.S.  Army,    (Novembei-,  1873,) 

Journals,  Periodicals. 

"Nature."    Weekly.    Macmillan  &  Co. 
Monthly  Journal  of  Science, 

Quarterly  Journal  of  Microscopical  Science,  edited  by  Prof.  Lankester, 
F.R.S.    John  Churchill  and  Sons, 

Popular  Science  Review.     New  series,  edited  by  W.  S.  Dallas. 
Intellectual  Observer.     Monthly.     Groombridge  and  Sons. 
Science  Gossip,    Monthly,     Bogue, 
Land  and  Water.    Edited  by  F,  Auckland,    Weekly, 
Annals  and  Magazine  of  Natural  History. 

Foreign  Books  likely  to  be  useful  to  the  Student. 

Das  Mikroskop,  P.  Harting  and  Dr.  F.  W.  Theilc,  Vieweg  and  Sohn. 
1867. 

Das  Mikroskop  und  die  Mikroskopische  Technik.  Dr,  Heinrich  Frey, 
1863. 

Das  Mikroskop,  Theorie  und  Anwendung  desselben.  Carl  Nageli  und 
S.  Schwendener. 

Einleitung  in  die  Tectmische  Mikroskopie.     Julius  Wiesner,     1867. 

Das  Mikroskop,    Paul  Retnsch.     Niimberg,     1867, 
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Der  Organismus  der  Infusionsthiere,  von  Dr.  F.  Stein.  Lapng.  Ei^el- 
mann.     1878. 

Die  Radiolarien,  von  Dr.  Ernst  HseckeL    Berlin.     1862. 

Das  Mikroskop  und  seine  Anwendung.  Dr.  Leopold  DippeL  Braun- 
schweig. 

L'Etudiant  Micrographe,  par  Arthur  Chevalier.  Le  Microscope,  par  le 
Dr.  Henri  van  Heurck.    Bnixelles.     1878. 

Beitrage  lur  Neuem  Mikroskopie.    Fried.  Reinicke.     1862. 

Gewebelefare.    Gerlach. 

Lehrbuch  der  Htstologie.    Leydig. 

Traits  du  Microscope  et  des  Injections.    Ch.  Robin,     1877. 

Observateur  au  Microscope.    Dujardin.     1842. 

Arcbtv  fur  Mikroskopische  Anatomie  v.  La  Val^tte  St.  George^  and 
W.  Waldeyer,  in  Strasburg,  formerly  Max  Schultze's  Archiv.     Bonn. 

KoUiker  und  Siebold's  Zeitschrift,  edited  by  Ernst  Ehlers.  Engelmann. 
JMpng. 

Riicbert  und  Du  Bois-Reymonds'  Archiv. 
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40A.  Hew  Mlerescope  of  Lew  Power. — Mr.  Browning  has  lately  de- 
signed an  excellent  little  instrument  for  general  investigation  with  low 
powers,  which  is  known  as  Broumin^i  New  Miniature  Microscope.  The 
instrument  is  of  the  size  of  the  engraving  on  p.  496.  The  price  in  nickel 
silver  is  3/.  17J.  6</.  There  are  two  achromatic  powers  :  one  magnifying 
15,  the  other  35  diameters.  Objects  may  be  viewed  by  reflected  or  by 
transmitted  light  The  instrument  is  admirably  suited  for  botanical 
and  entomological  investigations,  and  objects  in  the  ordinary  micro- 
scopic slides  may  be  examined  by  its  aid. 

40*.  New  cheap  Mlersteope*. — The  instruments  figured  in  pL  XCIX. 
have  been  recently  made  by  Mr.  Crouch,  and  are  excellent  students' 
microscopes.  A  good  instrument  for  those  who  work  at  animal  tissues 
is  represented  in  pL  XCIX,  fig.  i.  Fig.  2  is  the  student's  binocular, 
while  a  very  cheap  school  microscope  is  shown  in  fig.  3.  In  the  last 
there  are  two  lenses,  an  inch,  and  a  half  inch,  and  a  condenser  for 
opaque  objects;  the  whole,  fitted  in  a  case,  costing  only  2/.  lof. 
With  an  extra  eye-piece,  spot  lens,  polariscope,  and  other  apparatus, 
this  microscope  costs  5/. 

410.  Hew  ebeap  oitfeet-slMMi  for  tbe  Micrwcope.— Besides  the 
cheap  lenses  referred  to  in  the  text,  some  very  good  ones  have  been 
recently  made  by  Mr.  Swift  according  to  a  new  formula,  and  are  sold  at 
about  the  same  prices  as  the  foreign  objectives.  The  three-inch  and 
two-inch  cost  17J.,  the  quarter  261.,  and  the  one-eighth  soj. 

411.  Hew  ou-lnunenlon  LenseB. — In  examining  objects  under  high 
powers,  it  is  necessary  to  adjust  the  object-glass  very  accurately,  or  the 
definition  will  be  defective.  And  as  the  adjustment  varies  according  to 
the  thickness  of  the  covering-glass,  it  is  sometimes  a  very  troublesome 
operation  to  adjust  and  readjust  the  objective  for  the  examination 
of  several  different  preparations  one  after  the  other.  It  is,  indeed,'in 
practice  frequently  ditficult  to  decide  the  exact  degree  of  rotation  of 
the  adjustment  collar  which  actually  gives  us  the  clearest  definition. 

The  distance  between  the  lower  surface  of  the  object-glass  and  an 
object  when  in  focus  varies  according  to  the  thickness  of  the  covering 
glass,  which  distance  is  made  up  partly  of  a  stratum  of  air  and  partly  of 
the  covering-glass.  It  is  the  great  difference  between  the  refractive 
index  of  the  air  and  that  of  the  glass  which  renders  adjustment  necessary 
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for  clear  definition.  Now  if;  as  has  been  well  rcmnikcO  by  Mr.  J.  W- 
Stcphcnson,  some  fluid  substance,  the  refractive  iind  dispersive  propcnict 
of  which  are  the  same  as  those  of  the  coiTring-ghs!;,  could  be  substi- 
tuted for  the  air  in  (he  inten-ening  space,  tifrratifin  wk/i/  ^  m>  Jfittgrr 
required — a  son  of  liquid  gloss  being  inicrposed  between  ihc  ob>cctin 
and  the  cover,  it  matters  not  whtither  the  coveting^Uus  be  thick  ot 
thin,  fur  the  object  would  be  denned  with  eipial  distlnctncsii.  Mr. 
Stephenson  suggested  the  desirability  of  obtaining  a  new  objccttt-e  oo 
this  principle  to  Professor  Abbe,  of  Jena.  Very  soon  afierwTirds  a  gbs 
was  constructed  according  to  Professor  Abbe's  recommendaticms  bjr 


Mr.  Zeiss.  After  trying  a  number  of  oils  and  other  mbstanrcs,  ProfcMor 
Abbe  found  that  oil  of  cedar-wood  (made  by  Shimmcl  and  Ca,  Lcipog 
and  New  York),  although  not  identical  with  crown  glass,  onswctvd  writ 
But  the  sacne  authority  is  of  opinion  that  even  a  better  medium  nuj 
yet  be  discovered. 

.\5  far  back  as  1844,  .■^mici  suggested  that,  tn  prefcnmce  to  n--r- 
glycerine  and  oil  of  aniseed,  or  the  latter  alone,  should  intervene  btt 
and  thusconncct  the  covering-glass  of  the  object  and  the  lens.*    Mr.  Wea- 
ham,  also,  in  1870,  drew  attention  to  the  importance  of  "  hocnngcr-'-T- 
immersion,"  and  remarked  that,  if  a  medium  of  the  same  rcn 
power  as  the  glass  were  employed,  it  would  gii-e  bcticr  rc^iili-;  tfi.'i 
water;  but  Mr.  Stephenson  was  the  first  to  announce  that  imponu: 
practical  results  had  actually  been  obtained  by  this  method,  with  on 

*  Cb.  Robin.  "  Tnii^  du  MtcroKopb"    Pfths,  1S71.     Page  igt. 
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immense  increase  of  angular  aperture,  in  a  paper  "  On  a  Large-angled 
Immersion  Objective  without  Adjustment  Collar;  with  some  observa- 
tions on  numerical  Aperture,"  read  before  the  Royal  Microscopical 
Society,  April  3,  1878. 

One  of  the  leading  points  of  Professor  Abbe's  theory  of  1874  was 
his  explanation  of  the  important  bearing  which  the  diffraction  paicUs 
have  on  the  formation  of  the  microscopic  image,  so  that  the  resolving 
power  of  an  object-glass  is  dependent  upon  the  difiraction  pencils  that 
are  taken  up  by  it 

This  fact  was  not  previously  known,  and  in  the  absence  of  that 
knowledge,  it  is  not  surprising  that  those  who  suggested  the  use  of  oil 
instead  of  water  abandoned  it  in  practice,  not  thinking  it  worth  while  to 
follow  it  up.  The  use  of  oil  as  an  immersion  fluid  would  obviously 
have  seemed  at  that  time  to  be  a  disadvantage^  as  far  as  aperture  was 
concerned,  in  consequence  of  the  diminution  of  angle  which  was  neces- 
sarily caused. 

When,  however,  the  bearing  of  Professor  Abbe's  theory  was  appre- 
ciated, it  was  seen  that  an  object-glass,  acting  in  oil,  might  take  up 
dif&action  pencils  which  one  of  larger  at^le^  acting  in  air,  could  not 
reach,  and  hence,  although  the  angle  was  reduced  by  the  use  of  oil,  yet 
that  the  diflraction  pencils  belongii^  to  an  aperture  of  more  than  180° 
in  air,  would  be  compressed  (so  to  say)  within  the  lesser  angle,  and 
greatly  increased  aperture  could  be  utilised. 

The  qualities  of  the  new  oil-immersion  objective  are  described  by 
Mr.  Stephenson,  in  the  above  memoir,  as  follows  : — 

"  I.  There  being  no  aberration  to  correct  for  varying  thickness  of 
cover-glasses,  there  is  no  collar  adjustment  For  thick  covers,  say 
o'ooS  to  0*009,  t^ie  ordinary  length  of  10  inches  gives  the  most  perfect 
definition;  for  thin  covers,  say  0-004,  ^  length  of  12  inches  is  perhaps 
better.  But  the  difference  is  so  very  slight  that  it  is  scarcely  necessary  to 
use  the  draw-tube. 

"  2.  It  has  a  balsam  angle  of  113° =1*25  numerical  aperture,*  which 
renders  it  extremely  sensitive  in  focussing,  and  also  indicates  the  highest 
resolving  power  hitherto  attained. 

"  3.  It  has  a  large  working  distance.  The  distance  between  front  of 
lens  and  object  is  0*02,  which  gives  a  working  distance  of  o'oia  for 
o"oo8  cover-glass,  o'oi6  for  o"oo4,  and  so  on. 

"  4.  Its  power  is  rather  more  than   one-ninth,  and  having  com- 

•  Brieflystated,  "numerical  aperture"  is  equal  to /A^/ri*/M<-/tf/*/Af  refractive  index 
of  the  maiium  in  front  of  the  objective,  multiplied  into  the  sine  of  the  lemi-nngular 
aperture^n  wsx.w.  This  definition  of  "numerical  aperture"  offers  at  once  a  means 
by  which  all  objectives,  whether  dry,  water,  or  oil  immersion,  can  be  directly  com- 
pared. It  is  based  on  the  theory  whence  Professors  Abbe  and  Helmhollz  deduced  the 
limit  of  visibility.     The  angle  of  the  oil- immersion  lens  described  by  Mr.  Stephenson 
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ponent  lenses  throughout  the  combination,  larger  than  In  odier 
nvcs  of  the  same  power,  it  transmits  more  light,  the  latter  quality  boi^ 
enhanced  by  a  diminution  in  the  reflection  of  the  periphenil  tajrs. 

"  5.  It  bears  very  deep  eyepieces  and  has  a  fiat  field. 

"  Lastly.  An  essentLol  condition  to  its  perftit  performance  is  thil  if 
the  object  be  dry,  it  must  be  mounted  on,  or  ncariy  touch,  the  cover,  or 
if  not  a  drj'  object,  that  it  be  mounted  in  some  medium  hai-ing  t^ 
proximately  tlie  same  refractive  index  as  the  oil,  such  as  Caiud*  btl- 
«am,  &C. 

"  The  special  advantage  of  this  objective  for  petrographic  vork  ii 
that  the  oil  used,  )ia\'ing  very  nearly  the  refiactive  index  of  the  objects 
to  be  cxanimc-d,  renders  cover-glasses  and  highly  polished  surfiica 
imnecessary ;  the  minerals,  if  sufficiently  translucent,  can  be  obserrcii 
through  a  considerable  depth,  say  i-5olh  of  an  inch,  and,  00  the  as- 
sumption of  identity  of  index,  every  plane,  from  the  suilacc  down< 
will  have  the  same  perfect  concction. 

"  To  a  certain  exieni,  the  latter  observation  a|)pt)cs  to  all 
parent  objects  mounted  in  balsam,  .is  the  thickness  of  the  balsam 
the  object  may  be  looked  u|)on  as  equivalent  to  a  thicker  cover, 
the   penetration  must  therefore  be  considerable,  alihoagh  the 
quality  will  be  still  greater  in  the  sinoller-angled  objectives 
on  the  same  prindple,  which  will  hereafter  be  made." 

I'rofcMior  Abbe,  writing  to  Mr.  Stephenson,  on  the  objective,  soys 
"'["he  adv-intagc  of  the  greater  aperture  U  shown  in  a  most  *tn 
manner  on  Pleuroiigma  aitgulatum,  when  observed  by  very  obi 
light.  This  diatom  mounted  dry  with  the  fnistoles  adberii^  to 
cover  is  seen  in  quite  a  new  aspect;  by  causing  the  pencil  of  lighl 
to  £ill  at  right  angles  to  the  axis  of  the  'valre  (or  more  gciwratly  pinBd 
to  any  of  the  three  ordinary  lines).  It  then  presents  at  tlic  porooi 
adhering  to  the  thin  glass  cover  white  rcctai^ular  fields,  separated  I7 
dark  broad  beams,  alternating  from  row  to  row,  {luUcr  lines  trosstngdr 
white  space  betnxen  the  black  bands  which  are  thus  joined ;  the  nw 
of  the  length  of  the  rectangular  division  comprised  between  the  dsk 
bands  being  to  the  width  as  1  :  y/^.*' 

The  Stephenson  s)-stem  of  homogeneous  immersion  has  Ikcti  ftutivr 
improved  and  developed  by  Professor  Abbe,*  of  Jena,  and  in  a  memoir 
read  before  the  Royal  Microscopical  Society,  on  Marrh  11,  iSt^Ik 
describes  the  construction  of  a  new  objective  for  oil-immcision.    .Srr 
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hdi«B  1 1^,  givr.  a  teiiu.angoI«r  apertuw  of  56K*.  of  which  the  MOe  h  vSjSt 
inuIlipJied  by  I '50,  liie  icfniL-lm  index  or  the  oH,  glvm  a  "numetiol  ifMUc 
t  "as  ;  bcncc  ve  kx  ihM  in:  Imvt  in  it « racdvintf  po« ei  ctcoolit^  dte  |iiMiiilili  Bail 
xdiylcDsfiUt.  9*3-- 0  by  ni>  le«  ihM  25  pci  cent. 

*  Uel>»  Sk|ihauoa'*>)r(ttni  dcrliormogcnaiIniiiicnk>nl)cIM9ur]tkop0^e^^ 
—Jan*,  iSTJk 
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^'Journal  of  the  Royal  Microscopical  Society,"  for  1879,  vol.  II,  page 
256.  The  oil-immersion  lenses  have  a  resolving  power  some  50  per 
cent  higher  than  dry  lenses. 

In  a  note  to  me,  dated  June  5,  1879,  Mr.  Stephenson  sums  up  the 
chief  advantages  of  the  system  of  "  Homogeneous  Immersion"  in  the 
following  words : — 

"  It  enables  the  optician  to  produce  objectives  the  equivalent  angles 
of  aperture  of  which  greatly  exceed  the  ideal  maximum  of  180°  in  air. 
As  the  resolving  power  of  every  objective  is  exactly  proportional  to  the 
sine  of  half  the  angle  multiplied  by  the  refractive  index  of  the  immersion 
or  separating  medium  employed,  we  have,  for  the  same  geometrical 
angles,  resolving  powers  proportional  to  i,  i-33,  and  i"5o  in  the  several 
cases  of  air,  water,  and  oil.  Hence  we  see  that,  azteris  paribus,  the 
resolving  power  of  an  oil-immersion  is  50  per  cenL  greater  than  that 
of  a  dry  lens  in  air,  and  already  40  per  cent,  beyond  even  the  ideal 
maximum  of  a  dry  lens  has  been  obtained. 

"  2.  The  correction  for  spherical  aberration  is  much  facilitated. 
"  3.  The  tiresome   correction  with   the  adjustment  collar   of  the 
objective  is  entirely  done  away  with. 

"  4.  Objects  mounted  in  balsam,  when  in  focus,  are  in  the  best 
possible  correction  irrespective  of  quantity  of  balsam  or  thickness  of 
cover.  This  point  I  have  noticed  in  my  paper  on  the  subject  last  year, 
as  also  the  great  advantage  it  possesses  in  its  great  penetrative  power  in 
the  examination  of  minerals. 

"  lastly,  there  is  also  the  obvious  advantage  of  saving  the  light  lost 
by  reflection,  which  is  very  great,  in  all  dry  objectives  of  large  apertm-e, 
and  the  front  lenses  being  much  larger  there  is  necessarily  greater 
working  distance  with  the  same  angle. 

**  Professor  Abbe  says,  in  his  paper,  that  probably  i'35  would  be 
the  extreme  limit,  but,  as  before  stated,  i  '40  (equal  to  a  balsam  angle 
of  137°  48')  has  already  been  attained  out  of  r!ivt possible  1-50,  or  rather 
out  of  the  theoretical  maximum  of  I'So." 

4U.  New  OftjecUTc  br  ProreBsor  Abbe — At  the  last  meeting  of  the 
Royal  Microscopical  Society  for  the  session  1878-9,  on  June  nth, 
Professor  Abbe  showed  an  objective,  for  oil-immersion,  made  according 
to  a  new  formula.  For  a  description,  the  reader  is  referred  to  Professor 
Abbe's  paper,  published  in  the  Societ/s  Journal. 

•<is.  Mlnendasleml  HleniMopc. — An  excellent  student's  microscope 
for  mineralogical  work,  with  large  rotating  stage,  convenient  arrangement 
fOT  polariscope  and  other  pieces  of  apparatus,  has  been  lately  designed 
by  Mr.  Frank  Rutley,  of  the  Geological  Survey,  and  may  be  obtained 
of  Mr.  Watkins,  Pall  Mali  Mr.  Swift  also  makes  a  student's  mine- 
nUogical  microscope. 


502 


INDEX. 


Abercrohbie,  Dr.,  on  photographs,  306 
Aberration,  spherical  and  chromatic,  9 
Absolute  phenol,  66 
Absorbed  and  transmitted  rays  of  light, 

272 
Absorption  bands  in  spectnim,  273 
„  „      measuring,  276 

„  ,,       varieties  of,  279 

Acari,  examination  of,  187 
Accidental  presence  of  matters,  247 
Accuracy  in  describing,  242 
Acetic  acid  and  glycerine,  syrup,  365 
Acid  carmine  injecting  fluid,  III 

„    carbolic,  66 

„    chromic,  255 

„        „        in  glycerine,  365 

,,    hydrochloric,  nitric,  355 

,,    sulphuric,  255 

,,    reaction,  251 
Acids,  effects  of,  on  organic  structure,  255 
Achromatic  condenser,  30 
AcKLAND,  Mr.,  stage  micrometer,  42 
Action  of  cells,  392 

,,      ,,  the  heart  of  living  animal,  192 
Adipose  tissue,  140 
Adjustments  for  altering  the  focus,  1 1 
Advantage  of  transparent  injections,  106 
Air,  examining  specimens  in,  79 
„    bubbles,  several  of,  from  specimens, 

89 
,,    cavities  in  bone,  91 
„    cells  of  lung,  157 
,,    mounting  in,  86 
,,    pump,  89 
Albite  type  of  crystals,  224U 
Alcohol,  253 

,,        and  ether,  effects  of,  254 
Alkalies,  effects  of,  on  organic  structures, 

257 
Alkalme  reaction,  251 

,,       fluid  in  tissues,  123 
Ai-LEN,  Dr.  F.,  spring  clip,  58 
Allport,  Mr.  S.,  on  pitcnstone,  233 

,,         on  microliths,  233 
Altering  focus  adjustments  for,  II 
Alum,  preservative  solution  of,  68 
Amoebre,  method  of  examining,  203 
Amoeba,  its  movements,  401 

,,         vital  movements  of,  196 
Ammonia,  257 

,,        oxalate,  258 
Amphipleuia   pellucida,  examination  of, 

29 
Anacharis  abinastrum,  circulation  in,  200 


Analysis,  chemical,  in  microscopical  en- 
quiry, 249 

„       microscopical,  new  method,  365 

„       spectrum,  269 
Analyser  and  polariscr,  23 
Anatomical  oontioversy,  357 

„  peculiarities  of  tissues,  135 

Anatomy  of^ crystals,  221 
Anchusa  paniculata,  circulation  in,  200 
Angle  of  aperture,  10 
Angles  of  crystals,  218 
Amiin  colours  for  staining,  127 
Animalcule  cage,  76,  loi 
Animal   substances,    separating    crj'stab 

firom,  264 
Animals,  lower,  tissues  of,  166 
Annular  reflector,  2S 
Apatite,  231,  234 

,,       crystals,  225 
Aperture,  angle  of,  10 
Apparatus,  chemital,  252 

„  for  injecting,  104 

„  required  for  investigation,  list 

of,  475 

,,  for  microscopical  work,  49 

„  „  microscopic  photography, 

290 

,,  student's  microscope,  21 
Appearance  of  same  object  in  different 

media,  80 
Aponogeton,  183 
Apothecium,  172 
Appendix,  495 
Aquaria,  1 82 
Aquarium  microscope,  16 
Arenaceous  group  of  rocks,  229 
Areolar  tissue,  examination  of,  13$ 

,,         ,,        submucous,  153 
Argand  lamp,  25 
Argillaceous  rocks,  229 
Arsenious  acid,  69 

Artery,  contraction  of,  under  microscope. 
191 

,,      of  liver,  160 
Arteries,  examination  of,  147 
Artilicial  and  natural  injections,  103 

,,        illumination,  24 
Artists  li-'"'t  of,  520 
Augite,  226 
Automaton,  3 
Axis  cylinder  ner%'e,  148 

Bacteria,  absence  of,  not  easily  pnn-ed. 
347 
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Bacteria,  growth  of,  20^ 
Bailey's  univnsal  indicator,  48 
Baksk,  Mr.,  finder,  22 
Btdsant,  Canada,  56 

„      specimens,  objections  to,  121 
Babker,  Dr.  John,  his  growing  cells,  77 
Barytcs,  nitrate  of,  258 
Basement  membrane,  245 

„  „        kidney,  162 

Bat,  wing  of,  circulation  in,  193 
,1  ,,        ultimate  nerve-hbres  in,  414 

Bathybius,  401 

Beck,  Mr.  R.,  on  growing  cells,  77 
Beck's  parabolic  illuminator,  26 
Bedding  tissues,  93 

Begionera,  first  step  in  examination,  81 
Bell's  cement,  55 
Betonites,  222 

Benzol,  Canada  balsam  in,  57 
Biblic^riaphy,  482 
Bichromate  of  potash,  glycerine  solution 

of,  365 
Bmocular  microscopes,  14 

„        spectrum  microscope,  270 
Bioplasm  01  hairs  of  Tradescantta,  199 

,,       keeping  alive,  18S 

„      of  kidney,  163 

„       lacunae  of  bone,  91 

,,       or  living  matter,  386 

„      moving,  in  plants,  19S 

„       relation  to  formed  material,  385 

,,      staining,  122 
Bioplasts  of  cerebral  convolutions,  429 

„      fat  cells,  140 

„       hyla  stained,  368 

,,       muscle,  145 

„       yellow  elastic  tissue,  140 
Biotite,  231 
Blocks,  wood,  35 
Blood,  circulation  of,  191 
,,       -corpuscles,   bacteria-like   bodies 
from,  205 

,,  ,,  colourless,      move- 

ment of,  197 
„  ,,  effects  of  acids  on, 

^55  .      .         ,       ^ 

„  „  exammation  of,  156 

„      spectrum  of,  273 
Blow  fly,  larva  of,  189 
Blowpipe  apparatus,  3IO 

„        beads,  spectrum  examination  of, 

276 
Blue  colours  for  staining  tissues,  1 1 1 

,,    fluid  from  nodulana,  281 

,,    injecting  fluid,  Tumbull's  blue,  IIO 

,,    Prussian,  new  form  of,  363 
BoCKETT  lamp,  25 
Body  of  microscope,  12 
Bone,  appearance  of,  in  balsam,  90 

„      corpuscles,  90 

,,     examination  of,  141 

,,      making  sections  of,  97 

,,      mounting  sections  of,  89 

,,     preparing  for  high  powers,  377 
Books,  list  of,  482 

„       on  spectrum  analysis,  283 


Borax  and  boracic  acid  in  muscular  con- 
tractility, 190 

Bottle  with  capillary  orifice,  260    ' 
,,      for  collecting,  176 
„      dropping,  369 

BowERBANK,  Mr.,  on  pedlculus,  167 

>,       on  sponges,  169,  179 

Bowman,  Mr.,  on  kidney,  162 

,,  ,,      on  muscular  fibre,  142 

„  „      Hugh,  his  photographs, 

284 

Boxwood  forceps,  52 

Brain,  cutting  thin  sections,  94 
„     examination  of,  165 
, ,      thin  sections  of,  under  high  powers, 

371 
Branched  muscular  fibres,  143 
Branchiae  of  mollusca,  169 

,,        of  tadpole,  192 
Branson,  Dr.,  on  circulation  in  Vallls- 

neria,  200 
Brass  cells,  71 

,,         „  for  objectives,  439 

„     plate,  50 

„        ,,    for  stage  of  microscope,  188 

„     slab  for  grinding,  211 
Braul  wood,  spectrum  of,  273 
Breadcrumbs,  examining,  82 
Bridgman,  Mr.,  his  tinder,  48 
Bronzite,  226 

Brooke,    Mr.,    on    immersion    objec- 
tives, 8 
„  ,,       his  nose  piece,  9 

„  „       on  perforating  thinglasSf 

73 

Bruwn,  Prof.,  smallest  microscope,  20 

Brownian  movements,  195 

Browning,   Mr.,  on  spectrum  micro- 
scope, 270 

BRtJcKE,  Prof.,  muscular  contractility, 

190 
,,  „        on  soluble  blue  fluid, 

113 
Bnmswick  black,  55 

„      cells,  70 
Bubbles,  air,  80 

,,        in  cavities  in  crystal,  236 
Built  glass  cells,  74 
Bull's  eye  condenser,  26 

,,  nose  forceps,  103 
Bi/RNET's  solution,  68 
Busk,  Mr.  G.,  on  the  use  of  gaslight  in 

phott^aphy,  316 

Cabinet  for  preparations,  239 
Calcareous  rocks,  229 
Calcspar,  226 

Camel,  blood  corpuscles  of,  156 
Camera,  arranging  for  photographs,  327 
,,        for     microscopic     photography, 
290 

lucida,  33 
,,       photographic  to  ordinary  micro- 
scope, 300 
Campnine  lamp,  24 
Canada  balsam,  56 
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Canadian  balsam,  exam  in  ing  spedmenB  in, 
88 
„  „        mounting  cord  in,  164 

,,  ,,         objections  to,  for  mount- 

ing, 121 
„  „        wanning,  50 

Candied  lemon  peel,  examination  of,  84 
Cannel  coal,  sections  of,  238 
Cans  for  injecting,  103 
Capillaries,  examination  of,  147 
„  nerves  to,  411 

„  of  muscle,  145 

,,  passage  of  corpuscles  through, 

197 
„  sahvary  glands,  158 

Capillary  circulation  in  mammalia,  193 
„         tubes  for  testing,  361 
„        vessels  in  living  frc^,  375 
Capsules,  e^  of  insects,  168 
Carbolic  acid,  66 
Carbonate  of  lead  for  injection,  105 

„        of  lime,   appearances  m  dif- 
ferent media,  80 

,>  ,,        testing  for,  261 

Carmine  fluid,  add,  1 1 1 

i>  II      injection,  107 

»         I,      for  staining,  125 
,)  ,,      for  staining,  362 

„       injecting  fluid,  ill 
»  „  I,      Carter's,  112 

Carpenter,    Dr.,  on    Eoioon    Cana- 

densei  237 
CarteRi  Dr.  ,  his  carmine  injecting  fluid, 

112 
Cartilage,  examination  of,  140 
Casein  cements,  61 
Castracane,   Count,    illustrations   in 

phott^raphy,  311 
Caudate  nerve  cells,  417 
Cavities  in  bone,  90 

,1       in  crystals,  225,  235 
,,        fluid  in  minerals,  223 
Cell.  390 

,,     action  of,  392 
Cells  concerned  in  mind,  419 
I,     Brunswick  black,  70 
,,     deep  glass,  73 
„     dry,  86 
„     false,  392 

,1     for  preserving  specimens,  69 
„     glass.  53 

,,        ,,     bending  a  strip  of,  for,  75 
,1     growing,  76 

,,     gulta  percha  and  ebonite,  71 
,1     marine  glue,  70 
,1     moulded  glass,  71 
,,     mucus  in,  195 
,,     of  ciliated  epithelium,  194 
,,     paper,  shell-lac,  and  tinfoil,  70 
,,     pigment,  in  web  of  frog,  373 
,,     of  plant,  circulation  in,  198 
,,     spherical  and  oval  nerve,  415 
,.     thin  glass,  72 

,,     wedge-shaped,    for   spectrum    ana- 
lysis, 275 
Cellular  tissues  of  plants.  171 


Cell  wall,  action  of  reagents  npot),  S51 

„      „      staining,  123 
Cementing  glass  with  marine  ghie,  72 
Cement,    French,    for    mounting    large 
specimens.  58 

,,  of  various  kinds,  60 

,,  varnishes,  &c.,  54 

Centres,  new,  of  living  matter,  390 
Cerebral  matter,  examinaticna  of,  166 
Chalk,  lithographic,  36 
Chance,  Messrs.,  thin^ass,  53 
Cha^^  183 

Cheese-mites,  examination  of,  187 
Chemical  analysis,  249 

,,         apparatus,  252 

..        reagents  in  glycerine,  364 

„         solutions,  hardening  properties 
of,  267 
Chemistry,  importance  to  microscopical 

investi^tion.   133 
Chelidonium  majus,  circulation  in,  198 
Chisel  for  examining  rocks,  2IO 
Chloride  of  calcium,  68 

,,        of  gold,  for  staining.  129 

„        testing  for,  258 

,,        zinc,  68 
Chlorite,  227 
Chloroform,  253 

.,  solvent  for  Canada  balsam, 

57 
Chlorophyll,  masses  of  moving,  in  plant 
cells.  199 

„  spectra  of,  277 

Chromate  of  lead  for  injection,  105 
Chromatic  aberration,  9 
Chromic  add,  255 

„  ,,      for  ganglia  and  cord.  163 

.,  ,,      solution,  67 

Chuck-bottle,  3)i 
Chyle,  movements  of.  155 
Ciliaof  branchi^  of  mollusca,  169 
.1     of  newt's  kidney,  l6j,  194 
,,     movement,  193,  202 
Ciliated  epithelium  of  air  passages,  158 
Circuits,  nerve,  409 
Circulation  in  hairs  of  nettle,  201 

.,         in  hairs  of  Tradescantia,  199 
,,  in  vessels  of  plants,  19S 

..         ofblood,  191 
,,  of  fluid  in  tissues,  206 

Clarke,  J.  Lockhart.  Mr.,  on   pre- 
paring spinal  cord,  163 
Class  demonstration,  5 

„     microscope.  17 
C1.AUDET  and    Houghton,    Messrs., 

glass  slides  and  thin  glass,  53 
Cleaning  glass  plates  in  photography,  325 
,.         off  marine  glue,  72 
„         old  photographic  plates,  335 
thin  glass  53 
Cleavage  of  muscular  hbre,  144 
Clinical  microscope,  17 
Clips,  spring,  58 

Coal,  preparing  thin  sections  of.  238 
Cobweb  micrometer.  41 
Cocoanul.  shell  of,  171 
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Coddington  lens,  177 
CoKNHEiu,  his  researches  on  movcmeiits 
of  corpuscles,  197 

,,  ,,         „         on  ihe  cornea, 

130 
Collecting  and  dredging,  175 
„        dialoms,  175 
,,        lower  animals  and  plants,  175 
on  sea  shore,  18 1 
Mr.,    binocular   microscope. 


Collins, 
14 


»3 


diaphragm,  30 

his  grad  uat  i  ng  diaphragm, 


„     lamp,  25 
,,  „      new    plan    for    altering 

focus,  II 
Collodion,  332 
Coloured  engravings,  356 
,,        injections,  102 
Colouring  bioplasm,  123 

„         tluids  with  glycerine,  364 
„         matters  for  mjection,  105 
„         of  leaves  and  flowers,  171 
„         of  plants,  280 
„        new,  2S0 

,,        for  transparent  injection,  loS 
„        nerve  fibres,  gold  for,  129 
Colourless  blood  corpuscles,  157 
Compact  tissue  of  bone,  90 
Complex  tissues,  examination  of,  152 
Compound  dissecting  microscope,  31 

„  microscope,  6 

Compressorium,  dissecting  with,  96 
Conclusions,  erroneous,  240 
Condenser,  26 

achromatic,  30 
bull's-eye,  26 
Gillett's,  30 
Webster's,  31 
for  high  powers,  352 
Congleton  stone,  213 
Conical  ^[tasses,  99 
Connective  tissue  of  muscle,  145 
Constructing  object -glasses,  431 
Contraction  of  muscle,  189 
Contractile  fibre  cells,  146 
Contractility,  201 

,,  ofmuscle,  189 

Controversy,  anatomical,  357 
Conversion  of  bioplasm  into  formed  ma- 
terial,  387 
„  of  standards  of  measurement. 

Convolutions,  structure  of  gray  matter  of, 

427 
Cooke,     Mr.    Conrad,    micrographic 

camera,  34 
Copying  objects,  32 
Cord,  spinal,  examination  of,  163 
Cork  forceps,  2 1 1 
Corks  for  mjecting,  103 

„      loaded,  91 
Cornea,  finest  nerves  in,  413 

„       of  frt^,  movement  of  bioplasm 

in,  203 


Cornea,  structure  of,    demonstrated   by 

staining,  129 
Corpora  amylacea,  166 
Corpuscles,  bone,  90 

,,  corneal,  relation  of  nerves  to, 

Correction,  9,  10 

,,  for  covered   and   uncovered 

objects,  10 

Correcting  object-glasses,  436 

Corrosive  sublimate,  solution  of,  68 

Covering  glass,  very  thin,  351 

Creatine,  creatinine,  263 

Creosote  for  preserving  plants,  175 

Crochet  needle,  211 

Crocus  for  polishing  glass,  442 

Crouch,  Mr.  H.,  his  new  (jieap  micro- 
scopes, 497 

Crumbs,  examining,  82 

Crustacea,  muscles  of,  I43 

Cryptocrystalline  substances,  231 

Crypti^amia,  new  colouring  matter  from. 

Crystalline  globules,  80 

Crystals,  action  on  polarised  light,  220 

„        viatomy  of,  221 

,,         angles  of,  218 

,,        cavities  in,  335 

,,         enclosed  in  one  another,  234 

,,         obtaining  for  examination,  364 

,,         in  plants,  172 

„         preservation  of,  267 

„        in  rocks,  208 

,,        sections  of,  making,  212 

,,        separation  of,  from  animal  mat- 
ters, 364 

,,        spiral,  265 

,,  on  obtaining  from  textures,  262 
Currents  in  tissue  towards  bioplasm,  124 
Cutting  glass,  53 

,,      and  grinding  glass,  71 

,,      pliers,  use  of,  in  studying  rocks, 

"5     ^. 

,,      thin  sections,  50 
,,  „  instrument  for,  51 

,,  „  under   the   micro- 

scope,  96 
Cyclosis,  198 

Dau-inger,  Rev.  H.,  on  growth  and 

germination,  206 
Damar  varnish,  55 
Dancer,  Mr.,  his  illuminator  for  opaque 

objects,  27 
Daphnes  and  fresh-water  shrimps,  186 
Dark-bordered  nerve-fibres,  148 

„  nerve-fibres  and  finefibres, 

4'3 

Dark  ground  illumination,  27 

Davis,  Mr.  Thomas,  on  crystals  of  sul- 
phate of  copper,  &c.,  265 

Davy,  Dr.  John,  on  plant  crystals,  174 

Dead  and  living,  404 

Deal,  examining  thin  shavings,  S3 
,,    appearance  of  fibres  of,  248 

Dean,  Dr.,  on  microphotographs,  288 
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Deane,  Mr.,  his  preservative  gelatiDe,  67 
Deecke,  Mr.,  his  arrangement  for  Uking 
photographs,  298 

„  on  photomicrography,  324 

Deep  glass  cells,  73 
Definition  of  object-glasses,  S 
Delineating  objects,  32 
Demodex  folliculormn,  1S7 
Demonstration,  class,  5 
Demonstrating  tissues  of  plants,  170 
Dennis,  Mr.,  his  built  glass  cells,  74 
Dentine,  making  sections  of,  98 
Dentinal  lubes,  377 

Deposit,  collecting,  when  small  in  quan- 
tity, 100 
,,         separation  of,  from  fluids,  99 
Description,  exactness  of,  243 
Desmidise,  filamentous,  181 
Developing  solutions,  324 

„  the  photiKraphic  image,  331 

Development  of  cartilage,  141 

„  of  tissues,  preparing  speci- 

mens, 167 
Diabase,  333 
Diallagc,  226 
Diameter,  measuring,  43 
Diamond,  writing,  53 
Diapedesis,  197 
Dbphragm,  12 

„  adjustable,  355, 

,,  ,,  Mr.  Kincaid's,  la 

Diatoms,  action  of  acid  on,  256 

,,         mounting,  175 
Disappointment  concerning  work,  4 
Discs  or  laps  for  grinding  minerals,  211 
„    steel,  33 
„     of  muscle,  144. 
Dissecting  with  compressorium,  96 
,,  microscopes,  16,  21 

,,  tissues  with  compressorium,  96 

Dissections,  needles  for,  52 
,,  of  making,  91 

Distilled  water,  253 
Double-bladed  section  knife,'5i 
Double-edged  scalpels,  50 
Draghook,  177 
Draughtsmen,  520 
Drawing  objects,  31 

,,  ,,        under  high  powers,  355 

,,         on  slone,  36 
,,         pencils,  35 
Dredging,  175 
Drilling  holes  in  glass,  71 
Dropping  bottles,  369 
Drommond  light  in  photc^aphy,  316 
Dry,  examining  and  preserving  objects,  86 
Drying,  252 

,,      by  steam  heat,  50 
Drysuale,  Dr.,  on  growth  and  germi- 
nation,  206 

•  .  "  Protoplasmic  Theory 

of  Life,"  385 
Dubosq's  helioslat,  30 
Duds  of  glands,  1 16 
Ducts  of  fiver,  injecting,  160 
Dust,  24S 


Dytiscos,  sarcolemma  of  miucles  of^  143 

Ebonite  cells,  71,  75 
Edmunds,  Dr.,  his  immersion  paraboloid 
illuminator,  28,  168 

,,  on  mounting  objects,  88 

Education  for  observation,  239 
Edwardes,  Prof.  Milne,  on  injecting 

a  snail,  II 9 
£^  capsules  of  insects,  16S 
E^tieth  of  an  inch  objective,  350 
Elastic  tissue,  structures  mistaken  for,  246 
Electrotype  copies  of  blocks,  356 
Elvans,  231 
Embryonic  tissues,  preparing,  167 

,,  „      preparation  of,  forh^ 

powers,  379 

„  ,,      in  viscid  media,  362 

Embiyo,  rendering  tissues  of,  transparent, 

268 
Emery  for  grinding  and  polishing  ^ass, 
44^ 

,,  ,,         rocks  and  crystals, 

212 
Eruimel,  making  sections  of,  98 
Ends  of  tubes,  245 
Engravers  on  wood,  520 
Engraving  objects,  31 

,,         on  stone,  36 
Engravings,  356 
Entozoon  follicidorum,  187 
Eozoon  Canadense,  section  of,  214,  237 
Epidote,  227 
Epithelium,  ciliated,  158 

„  of  mucous  membrane,  153 

„  of  kidney,  162 

,,  of  villi,  15s 

Erector,  7 

Errors  of  observation,  244 
Eruptive  rocks,  230 

,,         „       examination  of,  20S 
Ether,  253 
Eurites,  231 

Evaporation  and  drying,  252 
Exactness  in  description,  242 
Examination  by  rcnected  light,  22 
Examination  of  arteries  and  veins,  147 
„  deposit,  101 

„  fossils,  237 

,,  ganglia  and  spinal  conl, 

,,  infusoria,  186 

,,  injected  tissues,  120 

„  liver,  159 

,,  objects  in  spectrum  mi- 

croscope, 273 

,,  of  rocks  and  crystals,  211 

Examining  newt's  kidney,  162 

,,  substances  dry  and  in  fluids,  S7 

„  tissues  of  embryo,  167 

Experience,  importance  of  practical,  3 
Exercbes  in  manipulation,  463,  474 
Exposing  the  photc^raphic  phttc,  329 
Extractives,  263 

Extraneous  matters,  accidental,  247 
Extra- vascular  spaces,  121 
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Eye  of  ox,  injecting,  115 
Eyepiece,  Reiner's,  7,  30 

„         micrometer,  43 

„        negative  01  Hughenion,  7 

Fallacies  to  be  guanled  against,  244 

False  cells,  392 

Feathers,  247 

Felspars,  224 

Felsites,  231 

Fektcmes,  230 

Feins,  spores  of,  87 

Fibres  of  wood,  248 

Fibres  and  membranes  produced  artilici* 

ally,  246 
Fibrillx  of  muscle,  145 
Fibrous  appearance,  246 

„      tissue,  while  and  yellow,  139 
Field,  flatness  of,  9 
Fiftieth  of  an  inch  object-glass,  350 
Filtering,  99,  251 
Finder,  22 

,,      Maltwood's,  49 

,,      Mr.    Bridgman's,    Mr.    Wright's, 

48 
Fine  nerve  fibre,  149 

„       „       „      as  test  objects,  43 
Finger,  mechanical,  96 
Fishes,  injecting,  120 
Fixing  solutions  in  phott^raphy,  325,  337 
Flax  fibres,  247 

Flowers,  mounting  petals  of,  86 
Fluid  cavities  in  crystal,  223,  235 

„     examining  bodies  in,  87 
Fluids  for  examining  tissues,  85 

,,      movements  of,  in,  206 
Fluxion-structure,  223 
Fly,  mounting  parts  of,  89 
Focus,  adjustments  for  altering,  il 
Focussing  in  photomicrography,  318 
Folding  microscope  of  Powell  and  Lea- 
land,  16 
Fonuninifera  in  limestones,  shells  of,  169, 

208 
Forces,  molecular,  196 

.,  jelly  guiding  197 

Forceps,  53,  212 

,,         used  in  injecting,  123 
Foreign  standards  of  measurement,  46 
Formation  of  tissues.  Author's  views  on. 

Formed  and  lifeless  state  of  matter,  385 

„       material  of  cilia,  195 

,,  ,,        staining,  122 

Formula  for  object-glass,  452 

,,        ,,   a  quarter  by  Mr.  Swift,  461 
Fossils,  preparing  for  examination,  237 
Fountain  in  vivarium,  182 
Francis,  Mr.   G.,  on  blue  fluid   from 

nodularia,  281 
Freezing  tissues,  94 
French  cement  of  lime  and  India-rubber, 

58 
„       measurements,  47 
Frere,   Dr.   Temflz,   oa   perforating 
thin  glass,  73 


Fresh-water  aquaria,  182 

Fncnum  of  tongue,  drculation  in,  193 

Fr<^,  eyelid  of,  149 

„      living  pigment  cells  of,  375 

„     preparmg  tissues  for  high  powers, 

367 

„     foot,  circulation  of  blood  in,  191, 

373 

„      injecting,  lis 

,,      movement  of  t»opIasm  in  comea- 

of,  203 

„      demonstration  of  tissues  of,  372 

„      and  newt,  arteries  of,  147 
Frogbit,  183 
Fruits,  structure  of^  171 
Fuci,  sponges  attached  to,  179 

Gabbko,  234 

Ganglia,  examination  of,  415 

„        hyla,  preparing  for  high  powers, 
367 
Gardner,  Mr.,  his  air-pump,  89 
Gas-lamps,  2^ 

„    bottles,  iron,  340 
Geissler,  of  Bonn,  his  warm  stage,  189 
Gelatine,  preservative,  67 
,,       and  glycerine,  67 
Gelatino- bromide  plates  for  photc^raphs, 

342 
Gerlach,  Prof.,  on  carmine  injecting, 
III 
,,  „        on  staining,  124 

Germinal  or  living  state  of  matter,  38$ 
„  „  »      colouring,  123 

„  „  „     movements  01^ 

203 
Germination  of  mildew,  205 
GilleTt's  condenser,  30 
Glandular  oigans,  161 

„  „        epithelium  of,  163  ** 

„  „       injecting  ducts  of,  160 

,,  „        salivary,    examination 

of,  158 
Glass  cells,  53,  71 
,,     cutting  and  grinding,  71 
,,     on  dividing  and  reducing,  440 
„    drilling  holes  in,  71 
„     for  objectives,  439 
„    shades,  54 
„    slides,  53 

„     thin,  for  covering  specimens,  71 
,,     tube  used  for  injecting,  104 
Glasses,  conical,  99 
Glisson's  capsule,  159 
Globules  of  crystalline  matter,^8o 

,,        of  oil,  81 
Glue  and  gum  cements,  61 

„    marine,  56 
Glycerine,  64 

,,        and  gelatine,  67 
,,         for    mounting  (delicate    struc- 
tures,  167 
,,         injected  specimens  in,  121 
,,         solutions,  363 
,,        its  use  in  working  with^high 
powers,  360 
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Glycerine,  its  use  in  micro-chemislry,  262 
„        and  size  for  injection,  107 
„         for  test  solutions,  364 
„        tissues  in,  86 
,,         for  vegetable  tissues,  171 

GoADBY,  Dr.,  on  making  glass  celts,  71 
„  „     his  built  glass  cells,  74 

I,  ,,      his  solution,  68 

Oold,  chloride  of,  for  staining,  129 
„      size,  54 

Goniometer,  2lS 

GoRHAM,  Mr.,  mounting  objects  in  bal- 
sam, 57 

Graduating  diaphragm,  12 

Grammatophora  suMUissima,  test  object, 

Granites,  230 

Granules,  movement  of,  in  cells,  206 
Granulite,  232 
Green  injecting  fluid,  112 
Grinding  glass,  71,  74 
„        lathe,  210 
„        sections  of  rock,  216 
,,        thin  sections  of  minerals,  213 
Growing  cells,  76 
Growth,  new  views  on,  205 
„       of  bone,  142 
„        and  multiplication,  2C4 
,,        of  a  spore  of  mildew,  205 
Gulliver,  Prof,,  on  blood-corpuscles, 

IS? 

I,  „       on  plant  crystals,  172 

Gum  and  glycerine,  68 
,,     for  mounting,  5S 
Gutta-percha  cells,  75 

„  tablets  Tot  dissecting,  92 

Guy,  Dr.,  hand  microscope,  ao 

,,        ,,      on  microscope  cells,  76 
Gypsum  cements,  62 

HEMATOXYLIN,  Staining  with,  129 

Hair  and  horn,  making  sections  of,  98 

Hairs,  248 
„      of  flower  of  Tradescantia,  199 
,,      of  insects,  i68 

Hall,  Mr.  W.  H..  on  cells,  76 

Hammer  for  breaking  rocks,  210 

Hammond,   Mr.  W.    H.,  on  plant  crys- 
tals, 174 

Hand  mtcroscoi>es,  18 

Handling  bodies  under  the  microscope,  96 

Hard  tissues,  cutting  sections  of,  97 
,,  ,,       preparation    of,    for     high 

powers,  377 

Ti  ,,       on     preparing     for    high 

powers,  361 
,,         ,,      on  softening,  379 

Hardening,  fluids  for,  87 

,,  properties  of  chemical  solu- 

tions, 267 

,,  tissues,  97 

Harrison,  Messrs.,  printers  and  litho- 
graphers, 37 

Hartnack's  immersion  lenses,  188 
,,  object-glasses,  8 

Hassali.'s  corpuscles,  166 


Haver»an  spaces,  I41 

Hawksley,  Mr.,  microscope  tamp,  25 

Heart,  action  of,  192 
„       muscular  tissue  of,  145 

Heat,    use  of,    in    rendering   spedmau 
clear,  369 
,,       stimulus  to  life,  397 

Heating  objects  under  examination,  189 

Heisch,    Mk.,   on    stereoscopic    photo- 
graphs, 321 

HeliosUt,  30 

,,  for     illumination     in     photo- 

graphy, 314 
,,  Silbermann's,  285 

Hematite,  227 

HemLspherical  condenser,  31 

Hepatic  vein,  160 

Herepath,  Dr.,  on  iodo-guinine,  23 

Hekinc,  on  the  structure  of  (he  liver,  161 

H^h  powers,  preparing  specimens  for,  357 
„         ,,        illumination  under,  352 
„         ,,        with  single  front,  8,  456 

Higher  aninials,  injecting,  II4 

Highest  magnifying    powers,    binocular 
for,  14 

Highest  powers,  on  the  use  of,  344 

„  „       drawing  objects   under, 

355  V    .    ,  . 

„  „       new  method  of  preparii^ 

tissues  for,  357 
HiGHLEY,  Mr.,  on  collecting  and  dredg- 
ing, 177 
,,  ,,      his  compressonum,  96 

„      gas  lamp,  2$ 
„  „      mineralogical        micro- 

scope, 219 

„  „      on  sorting  marine  ani- 

mals, 185 
,,  ,,      lravellingmicro3Cope,i6 

His  on  the  comea,  129 
HoBLYN,  Mr.,  on  mounting,  58 
Holder  for  leaves,  &c.,  52 
Holes,  drilling,  in  glass,  71 
Horn,  making  sections  of,  98 
Hornblende,  226,  23 1 
Hot  air  oven,  1S8 
How,  Mr.,  illuminator  hand  microscofiir, 

20 
Hughenian  eye-piece,  7 
Hyalodiscus  sublilis,  test  object,  43 
Hydrochloric  acid,  255 
HylKi  preparing  tissues  of,  367 

ICEI.AND  spar,  33 

Illuminating  objects,  22 

Illumination,  artificial,  for  photography, 

316 

„  Mr.  Dancer's  spectrum,  2J 

,,  dark  ground,  27 

,,  monochromatic,  29 

,,  of     objects     under     high 

powers,  352 

„  oblique,  23 

„  in  photography,  310 

„  for  photographing  objects 

310 
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Illumination,  sources  of,  24 
Illuminator,  parabolic,  26 

,,  hand  microscope,  20 

Image  objects,  method  of  increasing,  355 

„      phot c^i;raphic  developing,  331 
Immersion  lenses,  8, 

„         object-glasses,  8 
„  „  constructing,  435 

„         paiaboloid,  aS 
,,  twenty-fifth,  350 

Implements  and  materials  for  examining 

rocks,  Z09 
Incineration,  252 

India-rublier  plant,  circulation  In  sheath, 
198 

„  and  lime  cement,  59 

,,  rings  for  cells,  70 

Indicator,  Baile/s  universal,  48 
Inferences,  on  drawing  from  observations, 

240,  242 
Inflammation,  passage  of  colourless  blood- 
corpuscles  through  walls  of  the  capil- 
laries, 197 

„  vessels  in,  374 

Influence  of  nerves,  409 
Infusoria  mounted  in  glycerine,  167 

,,         examination  of,  186 
Injecting,  I03 

„         cans,  103 

,,         carmine  and  Prussian  blue  for, 
109,  III 
,,         different  systems  of  vessels,  113 
„        ducts  of  glands,  116 
,,         duct  and  vessels  of  liver,  160 
,,        eye  of  ox,  115 
,,         fishes,  120 
„         fluid,  acid  carmine,  ill 
,,  ,,     blue,  Turnbull's,  IIO 

,,  ,,     carmine,  ill 

„  , ,     finest  for  high  powers,  363 

„  „    green,  112 

„  ,,    Prussian  blue,  109 

,,  ,,     yellow,  113 

,,         forceps  used  in,  103 
,,         hyla  for  high  powers,  367 
„         afirog,  115 
„        insects,  118 
,,        liver,  117 
,,        l^phatic  vessels,  118 
,,         tissues  for  highest  powers,  363, 

367 
Injection,  best  mode  of  killing  animab 
for,  122 

,,         fallacies  caused  by,  244 

,,         mercurial,  113 

,,         mollusca,  1 19 

,,         by  mercurial  pressure,  IC4 

„        practical  operation  of,  114 

rat,  115 
,,        sheep's  kidney,  115 
,,         snail,  119 
Injections,   colouring    matters  for    tran- 
sparent, 106,  108 
„        deep  glass  cells  for,  74 
,,        instruments       required        in 
making,  102 


Injections,  natural  and  artificial,  I02 
,,         transparent,  107 
,,         of  vessels,  366 
Ink,  lithographic,  37 
Insects,  cases  for  breeding,  182 
,,       examination  of,  167 
,,      injecting,  118 

,,       preparing  tissues  for    microscc- 
pical  examination,  167 
„       scissors  for  dissecting,  52 
„      mounting,  89 
Insoluble  particles  of  Prussian  blue,  109 
Instrument  makers,  520 
Instruments,  accessory,  22 

,,  for  injecting,  102 

Intensifying  the  negative  in  phot(^;raphy, 

333 
Intercellular  substance,  141 

,,  tissue  staining,  123 

Internal  structure,  examination  of,  29 
Intestine,  injecting,  115 
Inverted  microscope,  219 
Investigation,  advanti^s  of  staining  in, 

126 

,,  original,  241 

,,  of  structure  of  tissues  with 

powers,  357 
Involuntary  muscle,  146 
Iodine  solutions,  258 
lodo-quinine,  23 
Iron  ^s  bottles,  340 

„    and  steel,  microscopic  structure  of, 

236 

,,  tincture  of  perchloride,  109 
Irritation  and  innammation,  396 
IsBELL,  Rev.  G,,  on  mounting,  58 

Jackson's  eye-piece  micrometer,  42 
Jam,  examination  of,  83 
Jf.vons,  Prof.  \V.  Stanley,  on  mole- 
cular movements,  195 

Keeping  preparations  in  the  cabinet,  339 
Kei.ner's  eye-piece,  7 

,,  ,,  as  a  condenser,  30, 

352 
Kersantite,  232 

Kidney,  basement  membrane  of,  162 
,,        matrix  of,  162 
,,       of  newt,  displaying  cilia  of,  194 
,,       of  sheep  and  pig,  mjecting,  115 
KiLBURN,   Mr.  W.  E.,  on   introducing 

oxygen  into  paraffin  lamp,  352 
KiNCAiD,  Mr.,  on  diaphragm,  12 
KiNC,  Mr.,  microscope  for  aquarium,  17 

„        ,,      naturalist,  183 
K6L1.IKER,   Prof.,  on  muscular  tissue, 

146 
Knife  for  minernts,  210 

,,      new  form  of,  51 

,,     Valentin's,  51,  92 

,,     for  weeds,  176 

Labradorite,  233 
Lacteals,  demonstration  of,  I5S 
,,        movement  of  chyle  in,  193 
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Lacunae,  appearance  of,  in  balsam,  90 
Laod,  Mr.,  chain  movement,  11 
Lamps,  34 

„      Collins'  "Bocketl,"a5 
,,      for  hi^  powers,  352 
Lamp,  gas,  25 

„      fkaniffin,  with  round  wick,  25 
,,      Smith  and  Beck's  camphine,  25 
„      spirit,  49 
Lantern,  photomicrographs  for,  338 
Lap  of  gnnding  lathe,  217 
Large  microscopes,  13 
Larvie,  aquatic,  muscles  of,  189 
Lathe  for  grinding,  210 
Lavas,  230 

Lawson,    Df.p.   InspectoR'General, 
on  measurement,  46 
,,  Dr.,  dissecting  binocular  mi- 

croscope, 2! 
„  „     oninjectingthesnail,  I30 

Lea,  Mr.  Carey,  on  intensifying  n^a- 

tives,  334 
Lead  lutings,  63 
„     carbonate  of,  105 
„    chromate  of,  105 
„     white,  for  injection,  105 
Leaf-holder,  53 

,,  tissues  of,  171 

Lealand,  Mr.,  on  structure  of  muscle, 

145 

Lectures,  microscope  for,  19 

Leighton,  Rev.  W.  A.,  on  lichens,  172 

Lens,  nose  clip  for,  209 

Len|:thening  tube  of  microscope,  355 

Lepidolitc,  331 

Leptynile,  232 

Leucite,  225 

Leucocytes,  197 

Lichens,  microscopical  examination  of,  1 73 

Lieberkuhn,  36 

Life,  397 

„    and  death,  404 

„    of  animals,    destroying,   for   inject- 
ing, 122 
Ligamentum  nuchie,  139 
Light,  arranging,  for  drawing,  33 

,,       artificial,  for  phot (^aphy,  315 

,,      polarised,  23,  80 

,,       reflected,  79 

,,  ,,         and  transmitte<l,  23,  29 

Lilac  fluid  for  staining,  127 
Lilium  speciosum,  pollen  tubes  of,  201 
Lime  and  India-rubber  cement,  58 

,,     light  in  phot<^aphy,  316 

,,     testing  (or,  251 
Limestones,  208 
Linnsus  stagnalis,  204 
Limonite,  227 

Liquor  potassrufor  examining  lichens,  173 
Lissotrilon,  kidney  of,  161 
LiSTKR,     Mr.,     his     improvements     in 

making  microscopes,  432 

,,         Prok.,  on  pigment  cells,  207 
Liihc^raphs,  on  obtaining,  35 
Lithi^^raphy,  apparatus  required  in,  37 
Liver,  injecting  ducts  of,  117 


lAvti,  on  demonstrating  structure  of,  158 

„      injecting,  115 
Living  matter,  401 

„  „      properties  of,  384 

,,  ,,     distinguished    from    dob- 

living  matter,  202 

,,  „      or  Uopiasm,  386 

■     „  „      staining,  123 

„      sponges,  169 

,,     things  and  machines,  403 
Loaded  corks,  9I 
Lobules  of  the  liver,  159 
Logwood,  spectrum  of,  273 
Low  power  microscope,  495 
Lower  animals,  anatomy  of,  161 

,,  ,,         injecting,  I18 

Lung,  examination  of,  157 
Lutings  for  lead,  &c ,  63 
Lymphatic  vessels,  tnjeaing,  1 18 

Machinery  in  amoeba,  3 
Machines  and  living  things,  403 
Maclacan,  Dr.,  on  plant  crystals,  174 
Madder  staining  bones  of  living  animals, 

141 
Madix>X,  Dr.,  his  camera,  300 

„  „      on  coloured  iiluminatioB 

in  Uking  photographs  313 
»  n       on  glycerine,  65 

,,  ,,       on  mounting,  58 

„  ,,       on  photography,  284 

„  ,,       on  spring  cbp,  58 

,,  ,,       on    stereoscopic     photo- 

graphs, 321 
Magenta  for  staining,  127 
Magic  lantern  for  photc^raphs,  339 
Magnesium  light  in  photc^raphy,  317 
Magnetic  needle,  210 
Magnetite,  227 
Magnifying  power,  method  of  increasing, 

35S 
,,  I,        on  a.'iccnammg,  44 

,,  ,,        on  augmeniing,  7 

„  ,,        tests  for  defining,  45 

Malpighian  tuft  of  nem's  kidney,  162 
Maltwoou's  finder,  33 
Mammalia,  distribution  of  ner\es  of,  iy> 
,,  examination  of  vessels  of,  I47 

Manipulation  in  photography,  325 

,,  tables  for  practising,  463 

Marine  .iquaria,  1S3 
„      glue,  55 
,,  ,,     cells,  70 

Marttn,  Dr.,  on  muscular  filirilla,  145 
Mathews,  Dr.,  on  the  section  cutter,  95 
,,  Mr.,  injecting  syringe,  103 

„  ,,     new  form  of  Valentin's 

knife,  51 
M.ntrix  kidney,  162 

,,      of  rocks,  232 
Matters  of  extraneous  origin.  247 
Max  Schultze's  warm  stage,  iSS 
Measuring  angles  of  crystaU,  2t8 
,,  objects,  41 

,,         simple  method  of,  43 
,,         the  thickness  of  thin  gla«s  351 
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MeasuKment  of  blood  corpuscles,  156 
„  standards  of,  45 

,,  microscopic,  46 

MechanicaJ  linger,  96 

,,         portion  of  microscope,  1 1 
Media,  for  examining  specimens  in,  79 

II        t>  •>         tissues,  85 

Medullary  sheath  nerve,  148 
Membrane  and  fibres,  production  of,  arti- 
ficially, 246 

,,        passage  of  corpuscles  through, 
198 
Membraoa  performaliva,  246 
Me&cbr,   Dr.  Clifford,  his  arrange- 
ment fbi  photography,  307 
„  ,,  ODthenitrate 

both,  324 
Mercurial  injections,  115 
Merz,  his  immersion  glass,  9 
Mesentery,  examination  of,  140 
Metallic  reflector,  26 
Methylated  alcohol.  64 
^ticas,  226,  230 
Micro-chemical  analysis  262 
Microcraphic  camera,  34 
Microlitlu,  222 
Micrometer,  cobweb,  4I 

,,  for  spectrum  microscope,  271 

Microscope,  6 

,,  apparatus  for,  21 

„  binocular,  14 

„  „         dissecting,  21 

„  ,,        for  high  powers,  1 2 

,,  body,  14 

„  camera  applied  to,  300 

„  clinical,  17 

„  compound  and  simple,  6 

,.  dissecting,  21 

,,  smallest,  19 

„  for  corrosive  liquids,  2^3 

,,  folding,  Messrs.  PoweU  and 

Lealand's,  16 

,,  for  mmeralogical  work,  219, 

501 
,,  inverted,  219 

,,  investigation  undertaken    by 

all  classes,  4 

„  low  power,  495 

„  makers,  519 

,,  mechanical  portion,  11 

,,  mineralogical,  219 

,,  optical  portion,  7 

,,  spectrum,  269 

,,  student's,  13 

„  apparatus  for,  21 

,,  travelling  aquarium,  16 

Microscopic  chemical  analysis,  262 

„  objects,  photographs  of,  284 

,,  shells,  109 

^licroscopical     examination,     preparing 
tissues  for,  167 

,,  manipulation,  tables  for, 

463 
Microscopist's  dredge,  176 
Micro-spectroscope,  improved,  272 
Microtome,  93 


Microtome  for  vegetable  tissues,  99 

„  scissors,  52 

Mildew,  germination  of,  205 
Millimetres,  equivalents  of,  46 
Milne  Edwards,  on  injecting  mollusca, 

119 
Mind -bioplasm,  430 
,,     nature  of,  419 
Mineralt^ist's  microscope,  219 
Minerals  and  rocks,  preparation  of,  207 

„        examination  of,  222 
Minute  dissections,  of  making,  91 

„      structure  under  high  powers,  359 
Mirror,  11 
Minette,  232 
Moist  chamber,  188 

,,     tissues,  mounting  in  balsam,  90 
MoiTESSiER,  Dr.,   his  arrangement  for 

photography,  305 
Mole,  fine  nerve-fibres  of,  413 
Molecular  movements,  195,  203 

„        philosophy,  423 
Molecules  m  salivary  corpuscles,  207 
,,        in  moving  bioplasm,  199 
Mollusca,  branchia  of,  169 

„         injecting,  119 
Monochromatic  illumination,  29 

,,  light  for  photography,  310 

Monociinic  or  oblique  system,  223 
Morton,  Dr.,  improvement  in  magne- 
sium light,  317 
Moulded  glass  cells,  75 
Moulds,  porcelain,  for  microscopic  sped- 

mens,  54 
Mounting,  apparatus  for,  478 
,,         diatoms,  175 

„        in  Canada  wilsam,  steps  of  pro- 
cess, 89 
,,         lenses,  Mr.  Swifl  on,  460 
,,        objects     in    balsam,     pressing 
down  cover,  57 
„        photc^paphs,  338 
„         scales,  &C.,  of  insects,  168 
„         sections  of  minerals,  218 
,,         tissues  in  balsam,  90 
Mouse,  alimentary  canal  of,  155 
„      injecting,  115 
„      nerves  in  ear  of,  149 
Movements  of  panicles  in  salivary  cor- 
puscles, 307 

,,         „  bioplasm  of  brain  matter, 
429 

,,         „    bubbles   in    cavities    in 
crystals,  236 

„    ciliary,  193,  202 
„    chyle,  193 
,,         ,,    granules  within  cells,  206 
,,  ,,    living  heart,  192 

,,         molecular,  203 
„  of  particles  in  fluid,  195 

„         vital,  of  pollen,  201 
,,  vital  or  primary,  190 

Mucous  membrane,  examination  of,  153 

„  „  sections  of,  154 

Mucus  corpuscle,  194 
MUller's  fluid,  151 
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Multiplication  and  growth,  204 

MuTcnisonite,  225 

Muriated  tincture  of  iron,  lio 

Murray  and    Heath,    pocket   micro- 
scope, 17 

Muscle,  contractility  of,  189 
,,       fine  nerves  to,  410 
,,       unstriped,  146 

Muscles  of  maggot,  189 

Muscovite,  231 

Muscular  fibres,  bacteria  from,  205 

, ,         fibre  cells,  action  of  acid  on,  256 

II  11      11      of  vessels,  147 

„  ,,     examination  of,  142 

,,  ,,     fibres  of  villi,  154 

,,         movements,  203 

,,        structure  of  heart  and  tongue, 

'44 

Mussel,  ciliated  epithelium  of,  194 
Myelin,  stained  by  osmic  acid,  130 

Kachet's  binocular,  14,  HS 
Naphtha  and  creosote  solution,  66 
Naphtha,  solution  of  wood,  66 

Nature  of  vital  movements,  201 

Natural  history,  books  on,  4S2 
,,       injections,  102 

Naturalist's  dredge,  178 

Needkam,  Mk.,  his  microtome,  93 

Needles,  52 
,,  used  in  injecting,  103 

Negative  eye-piece,  7 

Nephcline,  225 

Ner\'e  cells,  caudate,  417 

,,         ,,    spherical  and  oval,  415 
,,         examination  of,  148 
,,         fibres,  arteries  and  veins,  147 
,,  ,,      in  frog's  fool,  374 

,,  ,,      of  muscle,  145 

,,  ,,      in  organs  of  special  sensa- 

tion, 411 

„  ,,      solution  of  gold  for  stain- 

ing, 129 

„      ganglia,  163 
,,      networks  and  plexuses,  408 
,,      tissue,  preservation  of,  157 

Nerves  in  cornea,  130,  413 
„       dissecting  under  water,  91 
„       influence  of,  on  pigment  cells,  207 
„       in  mouse  and  frog,  149    , 
„       in  papillre  of  frogs  tongue,  411 
,,       sensitive,  distrihution  of,  149 
,,       of  submucous  (issue,  155 
,,       termination  of,  149 

Nervous  action,  reflex  of  artery,  192 
,,  system,  pediculus,  167 

Net  for  collecting,  177 

Nettle,  circulation  in  hairs  of,  201 

Networks  of  nerve-fibres  in  frog's  foot,  375 
,,         vascular,  of  frog's  fool,  374 

Neutral  tint  glass  reflector,  33 

Newt,  capillaries  of,  148 
,,      kidney  of,  161,  194 

NeYT,    M.,   his  melhod  of  illumination 
for  photc^raphy,  311 

N[COi,'s  prism,  23 


Nitella,  circulation  in  cells  of,  19S,  aoo 
Nitrate  bath,  325 

„      of  silver  for  staining,  129 
Nitric  acid,  255 
Nobert's  lines,  42 
Nodutaria    spumigere,  blue    fluid    frotn. 

2S1 
Nose  piece,  double,  for  objectives,  9 
Nucleus,  390 
Nutrition  of  cell,  393 

Object,  apparent  size  of,  under  different 

powers,  350 
Object-glass,  6.  8 

,,         „      angle  of  aperture,  10 
I,         „       ascertaining  magnifyii^ 

power,  41 

,,        „      constructii^,  4,  31 
11         >i       correcting,  436 
,,         ,,       fiftieth  and  twenty-fifth,  350 
„         „       penetrating  power,  43 
,,         „       m  photomicrography,  31S 
,,         „       their  own  illuminations,  27 
I,         „       Wales' improvements  in,  8 
Objects,  delineating,  32 
I,        examining.  Si 
,,        illumination,  different  modes  of. 
22 
,,        measuring,  41 
,1        test,  42 
Objectives  for  mineralogical  work,  209 
Oblique  illumination,  23 
Observation  and  experiment,  242 
Observations,  on  maki.-g,  239 
Obsidian,  232 
Octagonal  cases  for  holding  demonsimt- 

ing  microscopes,  19 
Oil  cements,  62 
,,   immersion  lenses,  495 
,,  for  immersion  lenses,  9 
,,  globules,  81 

,,         ,,         appearing  within  a  cell,  246 
,,  lamps,  35 
,,  mounting  in,  90 
Oli\-ine,  227 
Oligoclase,  233 

One  inch  objective,  formula  for,  462 
Opaque  material  for  injectioti!>.  toz 

,,       injections,  104 
Operation  of  injecting,  114 
Optical  iMirtion  of  microscoi>e,  7 
Organic  matter,  destroying  by   incinera- 
tion, 252 
,,       muscle,  structure  of,  142 
Organs,  examination  of,  152 

,,       of  lower  animals,  1&6 
Original  investigation,  241 

,,       ol«er\aiion,  importance  of,  2 
Orthoclaslic  felspars,  224 
Osborne,   Rev.  Lord  S.  (J..  on  stan- 

ing,  124 
Osmic  acid  for  staining,  130 
Ova  of  pike,  &c.,  204 
,,     of  stickleback,  staining,  126 
Ovarian  ova  of  fishes,  380 
Over  corrected,  9 
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Over-correction,  importance  of,  in  pho- 
tography, 319 
Ovium,  blood  vessels  of,  157 
Oxalate  of  ammonia,  258 
Oxyhydrogen  light  in  photography,  316 
Oyster,  ciliated  epithelium  of,  194 

Pale  nerve-fibres,  163 
Pancreas,  158 
Paper  cells,  70 
,,     prqiaring  for  photography,  335 
,,     tracing  and  retracing,  35 
Papilbe  office's  toi^e,  370,  411 
Parabolic  reflectors  for  examining  iron 

and  steel,  236 
Paraboloid,  28 
Paraffin  lamps,  25 
Parkes  and  Son,  microscopes,  8 

,,  „        specimens    prepared 

by.  >37 
Particles,  colouring  matter,  used  in  in- 
jections, size  of,  106 

„         of  living  matter,  347 
„         in  moving  bioplasm,  199 
Pasteur,  M,,  his  investigation,  346 
Pedetic  movements,  196 
Pediculus,  nervous  system  of,  167 
Pencils  for  drawing,  35 
Penetrating  power,  10 

..  ,.         testing,  43 

Penicillium,  germination  of,  205 
Perforating  thin  glass,  73 
Perlites,  233 

Permanent  preservation  of  tissues,  137 
Petals,  examination  of,  171 
Petrolt^,  223 

Pewter  plate  for  glass  grinding,  71 
Phenol,  66 

Phosphate  of  lime,  testing  for,  261 
Fhotc^rapbs,  284 

,,  to  illustrate  books,  290 

Photography,  apparatus  for,  290 

„  by  artificial  light,  316 

,,  focussing,  318 

,,  illumination,  310 

,,  object-glasses,  318 

,,  stereoscopic,  320 

,,  works  on,  484 

Photomicrographs  for  magic  lantern,  339 
Physical  basis  of  life,  3S3 
Physicists  on  nature  of  mind  and  thought, 

420 
Pig,  kidney  of,  injecting,  115 
,,  muscular  fibre  of,  14$ 
„  nerves  of  snout  of,  149 
Pigment,  cells  of  skin  of  frog,  207,  373 
Pike,  ova  of,  204 
Piluscher's  lamp,  25 
Pipes  for  injecting,  103 
Pipette,  100 

,,       pocket,  176 
Pitchstones,  230,  233 
Plagioclastic  felspars,  224 
Plants,  circulation  in,  198 
„       colouring  matters  of,  280 
„      on  keeping  in  cases,  183 


Plates,  cleaning  for  photographs,  326 

Plate  glass  slides,  53 

Pleurosigma  formosum,  stereoscopic  pic- 
tures of,  322 

Plexuses,  terminal,  of  nerve- fibres,  IJO 

Pocket  lens,  209 
,,      microscope,  17 

Podura  scale,  examination  of,  29 
,,  ,,      test  object,  42 

„       on  catching,  168 

Polarised  light,  23,  80 

„  ,,     influence  of  crystals  upon, 

220 

,,         ,,     use     of,    for     examining 
minerals,  220 

Polariser  and  analyser,  23 

Polarising    apparatus    for    photf^raphy, 

3'o.  314 
Pollen  grains,  87,  171 

,,       tubes,  movements  of,  201 
Polishing  glass,  powders  for,  441 
Polysynthetic  structure  of  crystals,  227 
Porcebin  cements,  61 
,,       moulds,  54 
Portal  vein,  160 

Position  of  an  object,  on  marking  the,  47 
Positive  eye-piece,  7 
Potash,  bichromate  of,  for  spinal  cord, 

164 

,,      and  soda  In  glycerine,  365 
,,       solution  of,  256 
PoucHET,  M.,  his  investigations  on  mi- 
nute organisms,  346 
Powders  for  grinding  and  polishing  glass, 

441 
Powell  and  Lealand,  Messrs.,  their 
compressorium,  97 

M  ,.  ,.  mi- 

croscopes, 14 

..  ..  >,  bin- 

ocular, {4,  201 

•  >  ,.  „  dis- 

secting microscope,  21 
..  >,  1.  on 

reflector  for  high  powers,  27 
.,  ,.  M  tra- 

velling microscopes,  16 

thin- 
nest glass,  54 

..     ■  ..  -  the 

twenty-sixth  of,  349 

the 
eightieth,  350 
Practical  operation  of  injecting,  1 14 
Prazmowski's  heliostat,  315 
Precautions  to  be  observe*!  in  working,  84 
Preparations  in  cabinet,  239 
Preparers  of  microscopic  objects,  519 
Preparation  of  minerals  and  rocks,  207 
,,  ,,    soft  tissue,  136 

,,  ,,    specimens,    new  method, 

3S7  ,  .      . 

„  „    sponges  for  exammation, 

170 

,,  ,,    of  tissues  for  examination, 

167 
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Prepaiing  injected  tissues,  I30 

,,        rocks  and  crystals,  212,  216 
„        tissues  for  high  powers,  366 
FreKrvation  of  lichens,  172 

„  »  v^etable  tissues,  171 

Preservative  fluids,  64 

,,         geiatirte,  67 
Preserving  a  soft  tissue,  136 

„         in  Canada  tialsam,  89 
,,         in  glycerine,  167,  359 
,,         specimens  under  high  powers 
permanently,  361 
Pressing  down  thin  glass  cover,  57 
Pressure  required  for  injecting,  103 

,,       its  use  in  examining  objects,  359 
Primary  or  vital  movements,  202 
Printers,  520 

Printing  phott^aphs,  335 
Prints,  on  mounting  in  photography,  338 
Prisms,  crystal  in  plants,  173 

,,      for  binocular  microscope,  15 
Pritchaxd,  Dk.,  on  circulation  in  man, 

193 

,,  ,,     his  method  of  cutting 

thin  sections,  94 
Properties,  hardening,  of  different  chemi- 
cal solutions,  367 

„         living  matter,  384 
Proteus,  circulation  in  vessels  of,  193 
Protoplasm,  383,  391 
Prussian  blue,  advantages  of,  loS 

,,         „    for  injection,  108 

,,  ,,     injection  for  liver,  160 

„         „    soluble,  113 

„        lines,  47 
Pseudo -bacteria,  205 
Pseudomorphs,  221 
Psychical  movements,  425 
Pus-like  corpuscles  outside  vessels,  19S 
Pyro-acetic  spirit,  66 

QUATREFAGES,      pROF.,     his     compres- 

sorium,  97 
Quartz  granules  in  sandstones  and  grits, 
229 

,,       porphyries,  231 
,,       sections  of,  214 
QuEKETT,   Prof.,  his  achromatic  con- 
denser, 30 

Radiata,  180 

Rainey,  Mr.,  on  vessels  of  lung,  157 

Ramsden's  cobweb  micrometer,  41 

„  eye-piece,  7 

Ransom,  Dr.,  on  ova  of  stickleback,  126 
,,  ,,      on  ovarian  ova  of  fishes, 

380 

,.  ,,      on  wanmng  objects  under 

observation,  189 
Raphides  in  plants,  172 
Rat,  injecting,  115 
Razors,  51 
Reaction,  251 

Reade,  Rev,  J.  B.,  his  condenser,  311 
,1  „  on  achromatic  con- 

denser, 30 


Reagents  in  glycerine,  364 

„         used  in  microscopical  iovotica- 
tions,  250 
„         acetic  acid,  255 
,,        alcohol,  254 
,,        ammonia,  2^7 
,,        chromic  acid,  254 
,,         distilled  water,  253 
,,         ether,  chloroform,  254 
,,         hydrochloric  add,  254 
,,         iodine  solutions,  258 
,,        nitrate  of  barytes,  25S 
,,  „  silver,  258 

„        nitric  add,  256 
,,         oxalate  of  ammonia,  25S 
„         potash,  solutions  of,  256 
,,         soda,  solutions  of,  257 
„        sulphuric  acid,  254 
,,  „  ,,      uses  of,  256 

Recklinghausen's  moist  cell,  187 

Recording  results  of  observation,  24a 

Reflected  light,  22 

„  ,,     examining  injections  by, 

102 

„  ,,     objects  by.  So 

Reflecting  live  cage,  177 

,,        annular,  28 
Reflector,  metallic,  26 
,,        neutral  tint,  33 
,,         parabolic,  236 
Reflex  action  of  artery,  191 
Remak's  fibres,  150 
Retina,  making  sections  of,  97 
Retort  stand,  49 
Retransfer  paper,  34 
Rhubarb,  vessels  of,  1 70 
Khyolitic  rocks,  230 

Richardson,  Dk,,  on  arscniuretted  by- 
drc^n,  69 

,,  Mr.  B.  Wills,  on  blue 

injecting  fluid,  no 
RiDDELL,    Prof.,    on  stereoscopic  pic- 
tures, 320 
Rigor  mortis,  injecting  before  and  after, 

122 
ROBfiRTS,   Dr.,    on   staining  the  blood 

corpuscles,  127 
ROBKRTSON,  Mb.,  his  injecting  s>'ringc, 
103 

,,  ,,     on  injecting  the  snai), 

•19 
Rock  work  in  aquaria,  184 
Rocks,  preparation  of,  207 

,,       sedimentary,  228 
Rodents,  kidney  of,  162 
Ross'  microscope,  1 3 
Rotifers,  186 

Roi;nNEFK  on  the  use  of  osmic  add.  130 
Round  cells,  76 

RtJTHERKORD,    Mr.    L.    W.,    OH    Boioo- 

scopic  photographs,  288 

,,  Prof.,   on  bedding  tis- 

sues, 93 
RUTLEY,  Mr.  F.,  on  minenls  and  rock-s 
207 
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Salivary  glands,  ijS 

I.  I,       coipusdes  in  cells  of, 

207 
Sorcolemma,  143 

„  absence  of,  145 

,,  ondemonstmiog,  13s 

Scales  of  insects,  168 

„     of  measurement  appended  to  draw- 
ings, 44 
Scalpels,  50 

Schmidts  goniometer,  318 
School,  226 
ScHROEDER,  Van  dbr  Kolk,  on  chloride 

of  calcium,  68 
Schultze's  iodine  solution,  259 

„  stage    for  heating   objects, 

189 
Schwann,  white  substance  of,  150 
Scissors,  51 
Scraper,  211 
Sea  dredging,  175 
„    shore,  collecting  on,  181 
„    slugs,  180 
Seating-wax  varnish,  55 
Secondary  movements,  202 
Section  cutting  under  microscope,  95 

,,      knife,  new  form  of,  51 
Sections,  cutting  thin,  50,  92 

„        making,  of  bone,  horn,  hair, 
teeth,  98,  142 
„        of  iron  and  steel,  236 
,,  minerals,  making,  213 

„  rocks  and  crystals,  212,  216 

,,       thin,  of  vegetable  tissues,  170 
„  ,,     transverse,  of  frog's  web, 

376 
Secretion  of  gland  cells,  154 
Sedimentary  rocks,  208,  238 
Sediments,  separating,  from  fluid,  loo 
Seeds  of  plants,  markings  of,  171 
Selenite  plates,  221 
Sensitizing  photographic  plates,  329 
Serous  and  synovial  membrane,  152 
Shadbolt's  annular  condenser,  28 

,,  turn-table,  70 

Shades,  glass,  54 

„       for  protecting  eyes  from  stto&g 
r  light,  36 

Sheep's  kidney,  of  injecting,  11$ 
Shell-lac  cells,  70 

„        cement,  55 
Shells,  making  sections  of,  98 

,,     microscopic,  169 

,,      siliceous,  175 
Shbfpard,  Mr.,  on  new  colouring  mat- 
ter, 280 
Sieve  for  sifting  onanisms,  178 
Silica  in  eruptive  rock,  230 
Siliceous  skeletons  of  diatoms,  175 
Silver,  nitrate  of,  258 
Simple  method  of  measuring,  43 

„      microscope,  6 

„      tissues,  preservation  ot,  138 
Single  front  for  objectives,  Mr.  Wen- 
ham's,  4S6 
Size  foi  iojection,  105 


Size  of  particles  of  colouring  matter  used 

for  injections,  to6 

1,  ,1        objects,  apparent,  under 

different  powers,  351 
Skeleton  of  leaves,  171 
Sketches,  importance  of  making,  240 
Skimming  spoon,  176 
Slab,  brass,  for  grinding,  211 
Slack,  Mr.,  adjustable  diaphragm,  355 
Slides  of  plate  glass,  S3 
Sloth,  blood  corpuscles  of,  156 
Smallest  microscope,  20 
Smith,  Mr.  James,  his  leaf  holder,  52 
Smith  and  Beck,  Messrs.,  their  twen- 
tieth, 399 
,,      Dr.  Lawrence,  his  microscope, 

253 

„       „  I,  inverted  micro- 

scope, 219 
„      Prof.,  on  the  mechanical  finger, 

96 
Snail  injecting,  1 19 
Snake,  action  of  heart  in,  192 
Soda  caustic  for  examining  brain,  165 

,,     solution  of,  257 
Softening  hard  tissues,  379 
Soft  tissues,  preservation  of,  136 
Solar  reflectors  used  in  photography,  31 1 

„      spectrum  for  illumination,  39 
Soluble  Prussian  blue,  II3 
Solution,  characters   of,   for   examining 

objects,  87 
,,         of  Canada  balsam,  57 
,,  naphtha  and  creosote,  66 

SoRBV,  Mr.  H.  C,  on  cavities  in  crystals, 

235 

„  „        „     on  fluid    cavities  in 

minerals,  223 

,,  ,,         ,,     metallic  reflector,  36 

,,  ,,         ,1     on  minerals  and  rocks, 

207 

,■  ,,        „     on  spectrum  analysis, 

269 
Sorting  tray  for  sea  collecting,  178 
Sources  of  illumination,  34 
Spaces,  extra  vascular,  131 
Specimens,  preserved  dry,  86 

,,  m  small  tubes,  lOl 

Spectacles,  wire  gauze,  210 
Spectroscope,  on  using,  371 
Spectrum  analysis,  269 

,,         microscope,  269 
Sphaeraphides,  173 
Spherical  aberration,  9 

,,        and  oval  nerve  cells,  415 

,,        surfaces  of  glass,  production  of, 

447 
Spherules,  81 
Spicula  of  sponges,  170 
Spiders,  examination  of,  187 
Spider-wort,  circulation  in  hairs  of,  199 
Spinal  cord,  cutting  and  examining  thin 

sections,  94,  163 
Spiracles,  169 

,,         mounting,  89 
I  Spiral  ciystaUisation,  265 
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Spiral  vessels,  plants,  170 
Spirit  and  water,  64 
Spirit  lamp,  49,  253 
Sponges,  169,  179 
Spongilla,  169 
Spongioles,  growth  of,  206 
,,  of  plants,  18S 

„  spores  of,  87 

Spot  gLtss,  28 
Springs  for  clipping,  $S 
Stage  of  microscope,  12 
„    micrometer,  4 
,,     warm,  1S9 
Staining  bones  with  madder,  141 
,,       bioplasm  of  tissues,  122 
,,        tissues,  127 

„  „        blue  colours  for,  I34 

„  „       Gerlach's  method,  124 

„  „       gold,  129 

„  ,,       Lord  Osborne  on,  124 

„  ,,        nitrate  of  silver,  I29 

„  „       osmicacid,  130 

„  „        tannin,  129 

Stand  for  pocket  microscope,  tS 
Standards  of  measurement,  45 
Starfishes,  180 
Starch  globules,  171,  247 
Steel  disk,  33 
„     and  iron,  microscopical  structure  of, 
236 
Stephenson,   Mr.,   on   oil   immersion 

lenses,  9, 495 
Stereoscopic  pbotc^aphs,  320 
Stickleback,  ova  oi;  126,  204 
Stimulus,  397 

Stirling,  Dr.,  his  section  cutter,  93 
Stomach,  mucous  membrane  of,  154 
Stone  for  grinding  glass,  71 

,,      lithc^aphic,  36 
Stones,  oD  cutting  and  grinding,  21 1 
Slops  for  condenser,  30 
Striped  muscle,  142 
Structure  and  growth.  Author's  views  on, 

381 

,,         demonstration  of,  133 

,,         internal,  of  objects,  29 

,,  •      of  fossils,  237 

,,  ,,         a  nervous  apparatus, 

407 

,,         new  views  on,  381 
Student's  microscope,  13 
Submucous  [issue,  153 
Substances  in  fluids,  examination  of,  87 

,,  of  extraneous  origin,  247 

Sugar  and  salt  for  examining  structures,  85 
Sulphate  of  lime  cement,  62 

,,  testing  for,  261 

Sulphuric  acid,  255 
.Sunlight  for  photography,  310 
Surface,  examination  of,  by  reflected  light, 

23 

,,        net  for  collecting,  177 
Surfaces,  (lal,  producing  on  glass,  443 
SwitT,   Mr.,   Professor  Brown's  micro- 
scope, 20 

,,  dissecting  microscope,  21 


Swift,   Mr.,   his  centering  nose-piece,  9 
,,  microstnpe  Tamps,  25 

,,  new  plan  of  correcting,  II 

,,  on  mounting  lenses,  460 

,,  preservative  solutions,  69 

Sympathetic  nerve- tibres,  150 

Synovial     membrane,     exominatioo    ti, 
152 

Syringe  for  injecting,  103 

Syrup,  363 

,,       acetic  acid,  365 

Tables  for  practising  manipulaticHi,  463 
Tablets  for  pinning  out  dissections,  92 
Tadpole,  circulation  in,  192 
Tannin,  its  action  on  red  blood  corpiucks, 

128 
Tea-leaves,  examination  of,  S3 
Teaching,  on,  5 
Teeth,  preparing  for  high  powers,  377 

,,      making  sections  of,  98 
Temperature,  keeping  bodies  at  uniform. 

Tench,  muscular   tissue  of  intestine  of, 

146 
Termination  of  nerves,  149 
Terminal  nerve- net  works,  408 
Test  bottles,  260 
Test  objects,  42 
Tests  in  glycerine,  365 

„     on  applying  to  microscopic  objects, 
259 
Texture,  microscopic,  representing,  40 

,,         representing  peculiarities  <rf,  37 
Thiersch's  carmine  fluid,  127 
„  injecting  fluid,  113 

,,  yellow  injecting  fluid,  113 

Thin  glass,  53 
,,       ,,       cells,  72 
,,        „       of  perforating,  73 
,,        ,,       instrument      for      measuring 
thickness  of,  35 1 

,,     section  of  deal,  examinatioa,  84 
,,         ,,       bone,  of  making,  97,  377 
,,         „       culling,  92 
,,         ,,       of    lexiurt-s,    obtaining    for 
high  powers,  371 
Thomas,  Mr.,  on  crystals  of  sulphate  erf 

copj>er,  266 
Thwaite's  fluid,  65 
Tincture  of  pcrchloride  of  iroD,  109 
Tinfoil  cells,  71 
Tissue,  adipose,  140 
,,      areolar,  138 

,,      bioplasm  in  young  and  old,  389 
„      bony,  in  l^lsam,  90 
„      dcmonsiraiiim  of  structure  of,  13s 
„      demonstration  of,  372 
,,      embryonic,  preparation  of,  379 
,,      hardening,  97 
,,      of  lower  animals,  166 
,,      of  plants,  170 
,,      soft,  cutting  thin  sections  of,  92 
.,        ,,     examining      under      highest 

powers,  371 
,,      staining,  122 
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Tissue,  v^etaUe,  cutting  thin  sections  of, 

99 

,,      white  tibrous,  139 

„      yellow     „        139 
Titanic  iron,  234 
Titojiiferous  iron,  331 
ToLLES'  binocular,  15 
Tomes  and  De  Morgan  on  bone,  141 

„      Mr.,  on  structure  of  dentine,  377 
Tongue,  epithelial  cells  of,  153 

,,        offrc^,  preparing  pap illce,  370 

,,        mu&cular  fibres  of,  144 
Toning  in  photography,  336,  337 
Touimaline,  23 

Trachea  and  bronchial  tubes,  158 
TrachcKof  insects,  168 
Trachyte,  230,  232 
Tracing  paper,  34 
Training  for  microscopical  observation, 

239 
Transfer  paper,  lithographic,  35 
Transforming  power  of  cells,  395 
Transmitted  light,  23,  29 

„  ,,      objects  examined   by, 

So 

,,  „      injections  for,  107 

Transparency  of  objects,  79,  245 
Transparent  injecting  fluids,  ii2 
,,  injections,  102,  106 

,,  oljjects  examined  by  reflected 

light,  27 
Transverse  section  of  frog's  web,  376 
Travelling  microscopes,  16 
Trichites,  222 
Tripods,  50,  311 
Triton,  kidney  of,  161 
Troughs  for  zoophytes,  76 
Tube,  on  increasing  length  of,  7 

,,      capillary,  361 
Tubes,  commencement  and  termination 

of,  244 

„       dentinal,  577 

,,      for  examining  substances  in  spec- 
trum microscope,  275 
,,       small,  for  specimens,  loi 
Tufts,  malpighian,  of  kidney,  162 
Turn-table,  70 
Tt;RNBULL's  blue,  no 
Turpentine,  examining  specimens  in,  88 
,,  its  use  in  examining  trachea, 

168 
Tubular  membrane  nerve,  148 
Twenty-sixth  of  an  inch  object-glass,  349 
Twinning  of  crystals,  224 
Tyndall,  Dr.,  molecular  machinery,  3 

USDER-CORRECTED,  9 

Unstriped  muscle,  146 

Urea,  influence  of,  on  chloride  of  soditim, 

264 
Urtica,  circulation  in  hairs  of,  30I 

Valentin's  knife,  51,  92 
Vallisncria,  moving  bioplasm  in,  199 
Van  der  Kolk   Schkoeder,  on  pre- 
paring cord,  165 


Varnishes,  54 

Varnishing  the  plate  in  photc^raphy,  334 
Vegetable  tissues,  examining,  84,  170 
„  „       mounted  dry,  86 

>,  ,,       on  staining,  124 

Vein  in  foot  of  livii^  frog,  377 
,,     hepatic,  160 
,,     portal,  160 
Veins,  examination  of,  147 
Vermilion,  for  injection,  105 
Vessels  of  brain,  166 

,,       branchiae  of  moUusca,  169 

,,       dissecting  under  water,  91 

„       of  frog's  foot,  373 

,,       injecting,  102 

„       injecting  different  systems,    106, 

"3 

„      of  higher  animals,  injecting,  114 
,,       lymphatic,  injecting,  I18 
,,       and  nerves  appearing  like  elastic 
tissue,  246 

,,       of  newt's  kulney,  161 
,,      spiral,  of  plants,  170 
,,       in  synovial  membrane,  152 
,,      for  varnishes,  &c.,  56 

Vibration  of  cilia,  193 

Vibrations  of  minute  particles,  196 

Villi,  examining,  154 
,,     muscular  fibres  of,  1J4 

Viridite,  227 

Viscid  media  for  examining  tissues,  362 

Vita!  contractility,  190 
,,     movements  of  amceba,  196 
I)  ,,  of  pollen,  201 

,,  ,,  pus,  204 

Vitality  or  vital  power,  397 

Vitreous  rocks,  233 

Vivaria  and  aquaria,  182 

Vivarium  microscope,  16 

Volcanic  or  plutonic  rocks,  232 

Voluntary  muscle,  143 

Vomited  matter,  144 

Vortlcellaand  Rotifers,  i86 

Waistcoat  pocket  microscope,  20,  177 

Wales,  Mr,,  his  improvements  in  ob- 
jectives, 8  • 

Walking  stick  collector,  176 

Walnut,  shell  of,  171 

Warrington,  Mr.,  on  glycerine,  64 

,,  „      travelling     micro- 

scope, 16 

Wash  bottle,  ioi 

Watch-glasses,  uses  of,  54,  loi 

Water  of  Ayr  stone,  213 
,,      bath,  50 
,,      cement,  63 
,,      dissecting  under,  91 
,,      distilled,  253 
,,      examining  objects  in,  80 
,,      glass  cements,  62 
„      vascular  apparatus,  119 

Web  of  frog's  foot,  pigment  cells,  373 

Webster  condenser,  31 

Wedgewood  and  Sir  Humphry  Daw 
on  micro-photography,  286 
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Weed  knife.  176 

Wemiau,  Mr.,  his  arrangements  for 
photography,  290 

,,  ,,       his  binocular,  14 

,,  ,,        on  circulation  in  An- 

chusa  and  Anacharis,  200 

,,  ,,        on     construction      of 

object-glasses,  431 

„  ,,       on   correcting  object- 

glasses,  10 

,,  ,,       high      powers     with 

single  fron^  456 

,,  „       his  paraboloid,  28 

,,  „        on    stereoscopic    pic- 

tures, 320 
West,  Tuffen,  on  engraving  on  stone, 

39 

White  fibrous  tissues,  139 

White,  Mr.,  his  clip  for  balsam  speci- 
mens, 57 

White  lead  for  injection,  105 

Wilson,  Dr.,  on  micro-photography,  306 

WiTTicH,  on  the  changes  in  pigment 
cells,  207 

Wood  blocks,  35 


Wood  blocks,  makers  of,  520 
„      cutting  thin  sections  of,  99 
,,      engravers,  520 
„      engraving,  38 
„      naphtha  solution,  66 

Wooden  forceps,  52 

Woodward,  Dr.   J.   J.,   micro-photo- 
graphs, 284 

„      his  arrange- 
ments for  taking  pictures,  291,  294 

Works  on  photography,  4S4 
„      on  spectrum  analysis,  2S3 

Work-table  of  a  roicroscopist,  238 

Wrattkn  and  Wainwright's  sensitive 
plates,  342 

Writing  diamond,  53,  211 

Yeast  cells,  205 

Yellow  elastic  tissue  of  vessels,  147 

„      fibrous  tissues,  139 

,,      injecting  fluid;  113 

Zoophytes,  180 

„  destroying  the  life  of,  1S7 

„  trough,  for  examining,  76 


ERRATA,  &c 

Page429,/'ri-i,ooo,oooth  read  i-ioo,oooth. 
Page  137,  fourth  line  from  the  bottom,  ^  Parker  reaJ  Poikes. 
The  following  note  should  have  been  inserted  on  p.  15  :■ — 
"On  a  binocular  microscope  for  high  powers,"  by  F.  H.  Wenham. 
the  Microscopical  Society."    New  Series.    Vol  xiv.     1866.     P.  103. 
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NAMES    AND    ADDRESSES. 


BRITISH  MICROSCOPE  MAKERS. 


Baker,  244,  High  Hollxim,  London. 
Beck  and  Beck,  68,  Comhill,  London. 
Browning,  63,  Strand. 
Bryson,  Princes- street,  Edinburgh. 
Collins,   Charles,   157c,  Crcal  Portland- 
street. 
Crouch,  II.,  66,  Barbican. 
l>ancer,  43,  Cross-street,  Msnchesler. 
yield,  Birmingham. 

How,  J.,  and  Co.,  73,  Farringdon -street. 
King,  Bristol. 


Ladd,W.,  12,  Beak-street,  Regenl-stteet, 
London. 

Murray,  69,  Jermyn -street,  London. 

Parlces  and  Son,  St.  Maiy's-row,  Bir- 
mingham. 

PilliscKer,  88,  New  Bond-street,  London. 

I'owell  and  Lealand,  170,  Euston-road, 
London. 

Ross,  III,  New  Bond-street. 

Swift,  81,  Tottenham  Court-road, 


FOREKIN  MICROSCOPE  MAKERS. 


.\inici,  Modcna. 

B^niche,  Berlin,  Tempelhofer  Stiasse,  7, 

1) runner,  Paris, 

CKevalier,  I'aris. 

Gundlach,    succeeded     by    Seibert    and 

KralTt,  Chariot  ten  burg,  Berlin. 
Harlnack  and   Obcrhiiuser,   Place  Dau- 

phine.  21.  I'aris. 
Hascrt,  B. ,  Eisenach. 
Kelner,  Welitar. 


Men,  G.  and  S.,  Munich. 

Mirand,  A.,senr.,  Paris. 

Nachet,  Rue  St.  Severin,  17,  Paris, 

Plocsl,  S.,  Vienna. 

Schroder,       Hamburg,       Holland  ischer 

Brook,  31, 
Schick.  F.\V.,Berlin,Halle-scheStr.,  15. 
Wetilar,  Leipzig. 
Zeis,  C,  Jena. 


Most  of  the  microscope  makers  furnish  cabinets  and  boxes  for  objects,  apparatus,  and 
instruments  required  by  the  microscopisi. 

MAKERS  OV  CUTTING  AND   OTHER   INSTRUMENTS   REQUIRED  BY 

MICROSCOPISTS. 


Hawksley,  337.  Oxford  street. 
Matthews,  10,  New  Oxford -street. 


Weiss  and  Sons,  287,  Oxford-street. 


PREPARERS  OF  MICROSCOPIC  OBJECTS. 


Barnelt,  J.  E.,  Whitehall -street,  Totten- 
ham. 
Bourgogne,  P^re  el  Fils,  Paris. 
Cole,  A.,  and  Son,  Aldgateavenue.  K. 
Knock,  F.,  30,  Russell-road,  N. 
Hansen,  Paris, 

Hett,  A.,  4.  Albion-grove,  Islington. 
Hudson  and  Sons,  Greenwich. 


Moller,  J.  !>.,  Wedel,   Holstein,  for  dU- 

Inms. 
Norman,  J.,  123,  Queen  Victoria -street. 
Russell,  T..  48,  Essex-street,  Strand. 
Schaffer  and  Co.,  Madgeburg. 
Topping,     Amos,    28,    Char  lot  le-jtreet, 

Caledonian- road. 
Wheeler,  E.,  4SM,  Tollington-ioad,  N. 


Collections  of  objects  of  various  kinds  may  also  be  obtained  of  almost  all  the 
microscope  makers.  Elementary  collections  of  mineralc^ical,  geological,  petrol<%ical, 
and  palxontological  specimens  are  furnished  by  Professor  J.  Tennant,  149,  Strand,  and 
Mr,  Bryce-Wright,  90,  Great  Russell-street,  Bloomsbury. 


NAMES  AND  ADDRESSES. 
MATERIALS  AND  APPARATUS  FOR  MOUNTING  OBJECTS. 


Beck  and  Deck,  68,  Comhill,  London. 
Crouch,  66,  Barbican. 
Griffin  and  Co.,  Long  Acre,  London. 
Houghton,  G. , and  Son,  89,HighHolkorr.. 
King,  G.,  190,  Port  land -street,  W. 


Matthews,  10.  New  Ox  ford -street,  W. 
Norman,  34,  Whitecross- street,  E.C. 
Petit,  C.,  151,  High-slreet,  Stoke  New- 

ington. 
Tate,  R.  P.,  31,  Holborn. 


LIVE  AND  DEAD  ANIMALS  may  be  obtained  of 


EoUon,  Thomas,  Microscopists'  and 
Naturalists'  Studio,  17,  Ann-itreet, 
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THE  MICROSCOPE  IN  MEDICINE. 


CONTESTS: 


ApparatnB  necessair  for  Microscopical  B«Marcb — BesgenU — Of  Examining 
Object* — Of  Draving,  Engraving,  and  Ueacnring  Objecta. 

Of  Examining  TissuoB,  &c. — Of  preseiring  Specimeni  permanently — Of  Colonr* 
ing  the  Uioplasm  and  Tinting  the  Formed  Material. 

Of  Cutting  thin  Sections — Of  Injecting  Tianies. 

The  Author's  method  ofpreparingHealthyandMorbidTiwueB  for  Examination 
with  the  highest  magnifying  f  owert. 

Of  Examining  Living  Mattar  in  Health  and  Disease,  and  Living  beings  undei 
the  Microscope — Of  the  Circulalion~Of  the  Heart  and  Arteries  during  Life. 

Of  Growth  and  Multiplication  of  Living  Particles — Abnormal  Increase — 
Abnormal  Growth  and  Multiplication  of  Bioplasm — Inflammation. 

Aeroacopy — Of  Examining  Deposits  from  Fluids— Of  the  Chemical  and  Micro- 
scopical Examination  of  the  Solids  and  Fluids  of  the  Body — Of  applying  Tests — 
Effects  of  Beagents — Of  Obtaining  Crystalline  Substances  from  the  Solids  and  Fluids 
of  the  Body. 

Spectrum  Analysis — Improvements  in  the  Spectrum  Method  of  Detectii^ 
Blood — Of  Anatomical  Elements — Of  Granules  ana  Globules — Of  Cells  and  Fibres 
— Various  kinds  of  Epitbttliom  Fibrous  Appearance. 

Of  Lymph,  Chyle,  Blood,  Serous  Fluids — Of  Blood-Btains  in  Medico-legal 
Investigations. 

Saliva — Spntimi—Tomit— Feces— MiUi— Dischargee  from  the  Bowels  and 
U  terus — Diph  theria. 

Pus — Animal  Poisons— Tubercle. 

Urino — Urinary  Deposits  and  Calculi — On  the  presemtion  of  Crinaij 
Deposits. 

Examining  various  Tissues  and  Oigans  in  Health  and  Disease — Alimentary 
Canal — Tessels — Submucous  Tissue. 

Liver — £idney — Glands  without  Ducts. 

Brain — Spinal  Cord  and  Nerre-Oentres— Skin  and  its  Appendages. 

Organs  of  Generation — Embryonic  Tissuca. 

Method  of  Examining  Morbid  Growths,  and  their  General  Nature. 
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HOW  TO  WORK  WITH  THE  MICROSCOPE. 

ThU  vrork  is  a  complete  manual  of  microscopical  manipulation,  and  contain!  a  foil 

description  of  many  new  processes  of  investigation,  with  directionB  for  examining 

objects  under  the  highest  powers. 

With  100  Plates,  including  many  new  Figure*,  several  of  which  are  eoUmred. 


CONTENTS  : 

Tlie  Simple  and  Compound  Microscope— Choice  of  a  Microscope — Trarelhng 
and  Dissecting  MicroEcopes — Clinical,  Pocket,  and  Class  Microscope. 

Eiamination  of  Objects  by  Keflectcd,  Transmitted,  and  Folarixed  Light^Daik- 
ground  Illumination — Illuminatio!i — On  Drawing  and  Measuring  Objects — Asoer> 
taining  the  Magnifying  Power  of  Object  Glasses. 

Instruments  required  for  Dissection — Valentin's  Enife,  Ac— Cemento— Preser- 
rative  Solutions. 

On  making  Cells — Brunswick  Black,  and  different  forms  of  Glass,  and  other 
Cells  for  preser\-ing  Specimens. 

On  Examining  Objects  in  the  Microscope — Muscular  Tissue— Of  making  Hinuta 
Dissections — Hardening  Textures — Of  Examining  Objects  in  Air,  Wat«r,  and 
Canada  Balsam. 

Of  Preserring  different  Structures  permanently — Of  sepanling  Deposits  fnaa 
Fluids. 

Of  Injecting— Apparatus,  Ac. — Of  Natural  and  Artificial  Injectioas — Of  the 
advantages  of  Transparent  Injections — Of  the  Prussian  Blue  Injecting  Fluid- 
Injecting  MoUuBca,  Insects,  Ac. 

Of  demonstrating  the  arrangement  of  the  Bioplasm  and  Formed  Material  of 
various  Tissues — Tissues  of  Plants— Of  Crystals— Of  keeping  alire  Vegetable 
ftnd  Animal  Organisms  while  under  Observation. 

Of  Staining  the  Bioplasm  and  Formed  Mat«rial — The  Author's  Staining  Fluid. 

Of  the  use  of  Chemical  Reagents  in  Microscopical  Investigation — Fallacies  to 
be  guarded  against — Presence  of  Extraneous  Substances. 

Tho  use  of  the  Microscope  in  Mineralogicai  Investigation — Tlio  Method  of 
preparing  Miueiah,  Rocks,  and  Fossils — Of  Making  and  Kccording  ObBcrratious. 

Of  Taking  Pliotofrraphs  of  Objects. 

The  Discovery  of  New  Facts — New  method  of  Preparing  all  Tissuea  for  Micro- 
sCopi<ml  Observation. 

On  the  use  of  very  high  Magnifying  Powers. 

New  Views  on  Structure,  GrowHi,  and  Nutrition. 

On  the  Strueturo  of  a  Nervous  Apparatus — Bioplasm  iu  Mental  Action. 

The  Construction  of  Object  Glasses,  ic. 

Tables  for  Practising  the  use  of  the  Microscope  and  Manipulation. 

Apparatus  required  in  Microscopical  Investigation. 

British  and  ioreign  Works  likely  to  be  of  use  to  the  Observer. 

Microscope  Makers,  Preparers  of  Specimens,  Artists,  Priuters,  litliogrs- 
phers,  Ac. 

The  iiutlior,  both  in  the  text  and  in  the  explanations  tu  the  eiigr^kvings,  h» 
endeavoured  to  restrict  himself,  as  fur  us  possible,  to  givmg  hints  and  directioDi 
which  may  be  pmctically  useful  to  the  student  while  he  is  at  work. 
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UEINART  AM)  RENAL  DERANGEMENTS  MD 
CALCULOUS  DISORDERS : 

HINTS    ON    DIAGNOSIS    AND    TREATMENT. 


CONTENTS. 

Importance  of  Diluting  the  Fluids  of  the  Body,  and  of  Waeliing  out  the 
Titiues — Gouty  Tendency — Acid  Urine— Action  of  Bicarbonate  of  Potash  and 
Liquor  Pot&ass — Alkaline  Treatment  carried  too  far — Urea,  and  eicesi  of  Urea — 
Ureemia — Uric  Acid  and  Uratoa— Gout— Importance  of  Water  Drinking — Lithia, 
Ammonia,  and  other  remedies  in  Gout— Deficiency  of  Chlorides  in  Pneiunonia> — 
Acetate  of  Ammonia  and  Citrate  of  Potnsh  in  Pneumonia — Excess  of  Sulpiiates : 
Action  of  Liquor  Fotassie — Alkaline  Pboephates :  Excess  and  Deficiency. 

UKINARY   DEPOSITS. 

Opalescent  Urine— Nature  of  Cases  of  Chylous  Urine —Treatment  of  Cases- 
Uric  Acid  QraTcl — Treatment  of  Cases  in  which  Excess  of  Uric  Acid  is  formed — 
Treatment  of  Cases  of  Deposits  of  Oxalate  of  Lime — Dumb-bcH  Crystals  of  Oxalate 
of  Lime — Remarkable  Case  of  Cyntine^Treatment  by  large  ])nsc8  of  Ammonia- 
Significance  of  Phosphate  Depot" its —Blood- corpuscles  in  the  Urine :  Hajmaturia— 
IlBemophilia — Heemorrhago  from  Ihe  Kidney  :  from  Calcidua  in  the  Bladder— 
Hiemonrhage  caused  by  Entoioa — Treatment  of  Hiemftturia — ^Gallic  Acid  in  Large 
Doses:  Ergot  of  Rye,  Haiuamc  lis -Inject  ions — Intermittent  Ilrematinuria — Chronic 
Changes  of  Epithelial  Surfaces.  Treatment- Value  of  Iodides — Leucorrhtna — 
Cancer  of  the  Bladder:  of  the  Kidney,  Uterus— Hicmorrliajjo  from  Cancerous 
Growths — Clironic  Infiammation  of  the  Bladder — Formation  of  Large  Quantities 
of  Pus. — Gall  Stones  in  the  Urine — Ulceration  of  Ureters  ttn<l  Pelvis  of  Kidney. 
Pelvic  Celtulitis- Catarrh  of  the  Bladder— Influence  of  Bacteria— Diet  and 
Me<lical  Treatment  in  Cnsea  of  Catarrh  of  the  Bladder — Pareira  brnxa,  Buchu,  and 
Triticura  repens  in  Catarrh  of  the  Bladder— Treatment  of  Irritability  of  the 
Bladder — Incontinence  of  Urine  in  Children — Accumulation  of  Urine  in  Children 
— Accumulation  of  Urine  in  Bladder — Importance  of  Casts  in  Diagnosis  of  Bemd 
Disease — Spermatozoa — Derangement  of  the  Sexual  Function — Mucous  Casts  from 
Seminal  Tubes — Disctiargeof  Seminal  Secretion — Public  Morality — "  The  Besetting 
Trial  of  our  Boys  "—On  raising  the  Standard  of  Public  Morality  and  on  Social 
Purity — Hints  on  Medical  Treatment — Consequenics  of  Spermatorrinta. 

SUBSTANCES  IN  SOLUTION  NOT  FOUND  IN  HEALTHY  URINE. 

Shght  Albuminuria — Albumen  in  the  Urine  from  Pressure  on  the  largo  Teins 
•—Albumen  in  the  Urine  from  Possire  Congestion  of  the  Capillary  Vessels  of  the 
Kidney — Albumen  in  the  Urine  depending  iroon  Changes  in  the  Blood.  Albumen 
in  the  Urine  from  affections  of  the  Mucous  Membrane  of  the  Urethra,  Bladder,  or 
Pelvis  of  the  Kidney — Albiunen  in  the  Urine  from  the  Menstrual  Discharge — 
Albumen  in  the  Unne,  due  to  the  escape  of  Blood  into  the  Urinary  Passages  or 
from  the  presence  of  Morbid  Growths— Albumen  in  the  Urine  from  Stone  in  the 
Kidney,  Ureter,  or  Bladder — Albumen  in  the  Urine  from  acute  or  chronic  functional 
or  Siruetural  Changes  in  the  Kidney  itself^On  the  Nature  of  Structural  Renal 
Changes — Acute  Inflammation  of  the  Kidney — Chronic  Inflammation  of  the 
Kiduey  itith  Enlargement — Chronic  Waating  of  the  Kidney  vith  Contraction— 


QrrbotUof  tb«  Lirar  tiid  Kiitoe/— tirpliilitu  Banal  IHMua — Oa  lb 

of  DuAUMa  at  tin-  Kidnov  — CnLlietf  r  Frrirr— lYeaLitu-iil.  of  Ai-ul«  S#n>l 
Diet   ill   Acuto   KliioI    bUnuto    <EJL-m!i— Ann  •*— CkiWB* 

RflnU    DiMMfr— Warm  ClarJiin);— Air   nnd   Ki.  r  '     t-^xiie  Bnd 

l)itMiM-— Diet  in   CliTODii'    Bruol   I>i*ciMA^Pe|Hiiu    io   L  liruiih!    lltMial     fHanue — 
rBtinmlaiiU  in  ClinMiio  HvubI  Dti«wc — Iron — Itixttftbt — T«in<"n'>T>t  at  Altmminiira 
of  AtlTaiKriDj^  Aj^e— Further  hint*  on  Km  Tn^ftUfwat  of  ( ':  '  ' 

Milk   Trouluii'iit — TrcwltDfut  ot    Albiiiuiiium  (■(■pcndnit 
•f Bumlioe  fmm  OWful-Iiuii  mill  from  Suj»proj»inn^Ttv»tini'iii  -. 

— DudwUM:   (1)   Lu  Ibn    Viiunr  ;    ()i)    Id  lUe   ^liJdli-Aijril ;   lii   t'  > 

Leniuna  ill  l>iiih.:^M— Cumu  in  l)isl.^c»— Suaur  iu   itiy  ('riii"  m  '  i- 

diitis,  aad  Pbthtnis— ItnjiitiiYKt  Si^ht  urid   L'ftUnut  in   [>l<'  .r 

nf  Ufoa  in  Lhu  Urinr  m  Dain^ea— Trwiltncnl— Olji.-oriiiH  n  • 

t)i*t  inaj' l>«  Eal<>ti — Dmii  (.^kw:  Foruiula  for  lualiine-^A  < 
Bpoage  Coko — Skim- milk ^BeuiuA  ukd  Vv^ane  in  UiAbc' 
— i'urgaUvM — Opium  aud  Cxdeia—Cuiclioiiiiio,  Quiuior,  oiid  >u-^<  iiiniiir. 

OX  URINABY  CALCULI  AND  CALCOLOCS  UISORDHRS. 

SnhstaiKwa  ot  wliich  C^tlculi  niv  fonncid— CrraUUimrian  lu  Vtmd  Untur  — 
lUboctilhf  L*jvrt  lit  OlU-uU— DillcnMlt  Clnww  vt  Uriu»i7  Calnilt — L'nr  .1^1 
ClftlruLi — t'*iruli  comjMMtl  of  I'reU;*— CT»(ic  Oiidc:  CvMino — Btood  OklcuU— 
Fntl  V  ConcTvl.inn* — (>xiUi>f4i  of  Limi'  lalcult— Lnr){r  CklcuU  aiUioul  may  Syilt|riaat 
— Colruln*  witli  long  Spines  prsjorting  from  it— ChIi-'uU  In  Patieui*  wlio  ltd*e  hmt 
C3>olcrH— ['•Mugc  of  Uinbitc  of  lamf  Cklciili  fiMoi  (hi?  Kxliwy— I*bi>*|ili»li;  CaJcuU 
pH*«ed  in  lari;(i  iiiiTiiI>t)r^I'ro*latic<  Onlciili — Sir  Uejirr  Ttiiiiap«OQ'«  Ubamaliuo* — 
On  tW  Oripii  mnd  t'ormiilioii  of  Uriiianr  Cfclouli— Tlio  FvniiKtiou  uf  MM«>wopw 
Cnlnth— ])Hiiib-bri[  Crv»tiii»  fonn  the  Ncudft  of  miinv  CslriUi— C»>Ut«^i*rti*  tif 
Dumir-ht'lli  in  lJii»  L' rinifirwin  Tulw»  —  Kreijiteoejf  of  Uie  owrorreni-iB  of  Jiitcmil 
kiiuli  of  Cnlculi— Of  tlio  Inflncar^!  of  C<Huii!vnbli^  QuoutitiM  of  Flaid  in  I'lv 
Tmtirig  •nd  Uclicving  CskiJoiu  Diwnlm— lTn[K>rtAiuX!  of  rontirmin^  Runudt^ 
Unuum  fm  fomo  tinw>-— On  disaulving  Driuari'  OUuuli^-Of  Iiiit^-tinff  (V'l»«it 
Fluida  into  rhv  Bliultk-r  -Dr.  Rol>cni>'  £i)ii-rimFnl)  vrilh   All  <  '  ,rv«t«.- 

'f«*liin-ntof  KpnnI  Oalrnlu*— Relii4  of  l'«in  by  Sidiil  ittH— Tn-*-'  ■  <apiet» 

B«»t — t'«tli<!tcri«ii>~ On   Wnnliinft  uut  tlie  BWlder — liwlrm  ■■■•■nijofl'  (Ml 

till*  BUiIdcr  a'  tu)cij:c»Usl  It}-  Kir.  Julj  ColUru,  ftud  ltui>r  '.  Bucnwo* 

Uroirni>—  l.il)ti>loinj  — I.itholTiljr —  LttltoUnaij — Dr.    Vrrj. .  =      ',    ijliuii*  —  Tl» 
Bpunlnimni*  Fnwtni*  of  Cklculi  tu  tlui  BUctde^— Nufihrotoin^  ttOtl  NrpliKclOfny. 


Now  Rndy.  Sound  Edition,  prioa  6«. 

100  tmiNARY  DEPOSITS,  with  Directions  for  the  Clinical 

Examination  of  UriDe:  for  Practitioners  and  Btudenta. 

I'Jtttf  I.     Mucoiu — BuUiria— Fun|[t — Snermatyi'?''  -  l'"i!l>-lii  t 

I'lntr  II.     S|><!rnuit(ifon— Epillifliiitit —  tiiii^ — If 

I'IbIv  III.    CmU  of   tlic   Inniferoui   TtibM — (t  -.  mlw — Sf 

tlielial. 

I'lftle  IV.    CtMa  of  Utc  Uriniforouf  Tub«,  Lugb-timtU-Watj—rutj— 
BUnket  boir. 

Flulp  V.    £arth;  Phoipbate — Varioue  fomu  of  TTrnto — ^Fui  uwl  rbotptate 

Plnl(>  VI.     Fifteen  ili&OTcnl.  Fomu  of  L'rio  Acid  0i7*l»t«. 

PLite  Vir.    Ton  diffownl  Fornii  of  Uric  Acid  dTiUb—Tripl*  Fhuiplial*— 
OxaUtv  of  1  jjiie — CyHiiii*. 

l'kt«  VIII.     Duitib-k-U  and  Oolalwdr*  of   OsjoluU  of  Ltotft— 1 
OftlDuli— Ckui-er  C*ll»— Ots— Extmocous  Hfttt«r8. 
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Nov  Beadj,  Third  Rdition,  damj  8to,  )>p.  382,  price  a«. 

SLIGHT  AILMENTS:  and  OD  Treating  Disease. 

Iauo<luctory— Slight  ailiiKtUs  ukI  .civUintion — I>cniiigeinenis  iii^  diseoinrort — I4b  * 
S£CTCt  renittlirt — Q\wckcry and  laci — Crctulity.nupicion— DccillioniKf  or^nins 
— Huni'i'ojailiy — OLitivcriniii — Liripl  e»liinatc  of  kcx^icc — Kvidence  uf  acltun  of 
mnliciiits — Principles  of  con-Iuct  -L<tw,  tncdkinr,  nnri  mcilkil  mrlhnds — L^S^I 
ximI  mc<lic^  lit  tTcicDtcv— Lunacy  AiM  Anicnilments— l^.'gnl  overruling  niciicnl 
opinion— Mcdicil  ami  scioniific  cviiltno,- — Mcdica!  woik  anil  ilxinght — Opnosi- 
liun  lo  research —Oppi:<R  I  ion  to  mcdnalioii — Dr.  Crcwluwn's  ankle— Jwhn 
Bdght  ami  Gloddone — <>etnian  vacdnation  law — Mcilicallilc  in<4inince  repons. 

Medical  clwrily  otjpitUHalion— Oul-pailicnU  ami  iiU^hl  ailmcois— New  o^aiu-salton  of 
charily— (JT  a  111  iious  medicnl  help — What  it  given  hy  doctors— Object  ionH  to  the 
new  sy^cm— Vri/vidcnt  dis]>cnsniy  sj-sti-m. 

Minute  invcAti^iion— Kk-im-niAry  pnrts  or  ccll^— Inier-tnnlecular  circiibtlon — Action 
of  »icin,  ktdiicyi,  nnd  UiwcN  —  — Cuiiituuiiicalilc  distTu*^ — Nature  of  eootaKia— 
Ilkdili,  microUs,  inicroc'xci— Kunjp  and  decay  of  leave* — The  Mcr-piwcnt 
bocteriam — Dust  and  disease— Access  of  disease  germs— :?pcciJicit)- — Origin  and 
change  of  species — I'oitoaoiis  animal  at kalniah— Ptomaines  nod  tcocranaiwit — 
CuDtagi(;n  ofiginaling  in  organinai — r>iic.-aNe  g«rm>  fioni  l>iuf>lasm^3ii  pin 
fgrnialion— AntiseptiiM^Carrj'injj  and  dilTuiing  cMiiafpa. 

Of  the  toiigue  in  health  ar^d  in  slicht  ailments — The  donura  of  the  tongue — Kuii|[i- 
form  and  lilifornk  pJoilLv  and  their  covering — Ton^e  in  various  ilcnDgcmrnts — 
\VIiJle  moi^t  fune*!  tongue— I'nlc  mnguc — Tungun  in  chnmic  rhcumaUsm — 
Blight  red  tongue— Dry  browD  lon^'ue — Hrtanofr!ia([e— Cracks  and  fiuuies — 
InhalenL,  hninci»ni:i  ki^ttle — Of  ihe  use  of  sjiray — Apbtfaz,  ihnuh,  aorca  uid 
ulcen.  in  the  oioulh — OBenUve  breath — Use  of  mercury. 

Appetite— Nausea— Thiist-Hungcr — Lou  of  nppelilc — Voracious  appetite— Nausea 
— Acrpiiring  intemperate  haliiiK — Thint. 

[ndigcstinn  :  its  nature  and  treatment— Indlgestku — D^epan — Strang  and  wnk 
stiwnadi*— Pain-conduclinn  ncrvcfiljiLi — Heartburn,  pyrous,  or  walcrbrash — 
Fblulciice.  Kind  in  lite  sioinach— Intlucnccof  cold — lodigcstioo  from  fallljig 
glnnd^  as  in  old  I^;c — Method  of  preparitt^  pcpdnc. 

Of  const ipniion—(_'iifi>nicn  »»lijcct  to  con.Mi(iaiKin — Literary  persons— Impaction  of 
t»x»\  matter— Cutlet  i]>.i  I  ion  nnd  the  liesling  procckS— -luemoriboidi  or  pil«$, 

DIanhora— Ordinaiy  Karrhcca— Treaimeni. 

IniKtinU  worms— Thread  wnnns— Large  round  wwm — Tape  wonn. 

Vertigo— {^iJdincM — Aural  vertigo. 

Biliuu^cs^— Sick  headache— Deiangeinenl  of  the  lirer — ^Treaimeni — Action  cfcatt 
wmtf—JnuiKlice— Yellow  atrophy — Trcatmem  of  lemporaryjaimdlce— Treatment 
<>r  Kick  beailachc. 

Neuralifia — Khevmaliinn — Nervoosnci* — Klieomatoid  or  osteo-wthritis — Treatment^ 
Free  swoitint; — IMct — Warm  dothing. 

On  the  feverish  and  inAnmmalory  jiate— Of  catching  cold — Preliminary  changeft— 
Incrrajie  nf  the  body  heal  in  all  fevers  and  inBnmtnatiitns^I*  there  inctnsc<l 
oxidaliuD  in  fever  aail  iiiflamEaalioD  ?— Method  of  aKeilainiiig  ihe  ieiii|»efnlurc — 
FcTCc— ricois — hoi  stage— sweating  ttagc— Manaeemcni  of  alTcctioos  beginning 
Itkcacotd. 

Of  the  actual  chaises  in  fever  and  inflammation — Feven  and  inflanimaltnn$ — Of  a 
Oca  bite — Influence  of  nerves  in  deienntiiing  the  degree  of  cvxitraction  of  ciaoll 
aruries — Ucmonsuatin^  the  nerves  distributed  to  capilUries — Mechanism  by 
which  the  capillary  circiilniioo  m  regulated  —  Cienc»l  vascular  disturbance 
resulting  from  local  injury— The  formiiinn  of  pus — DiapetU-siit— H^ciuonhago— 
Spontaneous  movement— Vital  plietiumeno. 

Common  fortnk  of  Kli^hi  inltamnulira>— Foriiwtion  of  mucus — Bioplasm — Drynevi  of 
the  muccnu  membrane — Counter -action — counter -iiritfiU  on — Crackaand  fiMurea— 
Piinciples  of  Ucatmcni — Conjunctiva — Treatment  of  innnmed  vyes — Sore 
ihrMt— Kuoniae  &om  the  ean — InSammalion  of  stomach  and  intestinal  canal — 
Chillilains—HoiU— Carbuncle— Chanf^  preparatory  to  the  occurrence  of 
discaac— Concluding  reinaiks. 

LO<n>0H:  J.  ASB  A.  omiKcaiu. 


yoie  readjt,  demi/  8m>,  pp.  230,  with  86  iUwitratio>u,  many  of  which  are  colomrtd.— 

Price,  5». 


THE    LIVER: 


Uniform  with  "  Uriaary  and  Sen^l  Derangementi  and  Caic^laue  Ditordert," 
"The  MicrtMcope  in  Medicine,"  "Sow  to  Work  with  the  Mierotcope,"  a»d 
"  Slight  Ailment*:' 


lotroduotion — Conflicting  views  on  thestnictureof  tholirer — Anatomical  flcflcriptioa 

— General  Structure — Clinical  exatninatioQ. — Changes  in  abftpc  and  si«e. 
The  constant  element,  the  liver  '  cell '  or  elementary  part  present  in  all  animals. 

MtDuto  anatom;  of  the  human  liver — Portal  canals — Hepatic  venous  canals — 
The  lobules  of  the  liver — Distribution  of  vessels — Portal  vein — Hepatic 
artery — Hei»tic  duct — Tasa  aberrantia — Lymphatics — Nerves — Vessels  of  gall 
bladder — Glisson's  capsule — The  intimate  structure  of  the  lobules — CapiUariet — 
Cell- containing  network — The  liver  'cells'  of  vertebrate  animals.  The  nucleus 
and  new  centus — Of  the  changes  effected,  by  the  liver  cell  in  health. 

On  the  ultimate  ramificatieus  of  the  ducts,  and  of  their  oonneciioa  with  the 
oell-oontaining  network;  in  mammalia,  birds,  reptiles,  and  flahea— General 
conclusions— vertebrate  and  invertebrate  liver  compared. 

The  circulation  in  the  liver — The  position  of  the  liver  as  a  secreting  oiyan — 
The  liver  and  kidney  compared — Summary. 

Derangements  of  the  Liver — Functional  derangement — From  health  to  disease — 
Cells  living  too  quiokly  or  too  slowly — Congestion  of  the  liver — Treatment. 

Qall  stones — Formation — Nuclei  of  gall  stones — Taundioe — CspUlary  heemorrliage 
— Catarrh  of  ducts — Impaction  of  gall  stones — Treatment — New  remedies — 
Cholecyatotomy. 

Cirrhosis— Causes— Minute  changes — Cell  wasting  and  degeneration — On  the 
principles  of  treating  the  aick — Ascites — Treatment. 

Method  of  investigating  the  structure  of  t)ie  Liver  in  health  and  disease — 
Prcparfltion  of  specimens — Methods  of  injecting  the  vessels,  ducts,  and  eell- 
coutaining  network. 


Now  ready,  Second  Edition,  much  enlarged,  price  3b.  6d. 

OUR  MORALITY  AND  THE  MORAL  aUESTION. 


Immoral  Tendencies  in  Early  Life. 

Should  the  Young  be  Warned  P 

The  Age  of  Puberty  in  the  Two  Sexes. 

Of  the  Action  of  the  Glands. 

Objections  to  Marrying  too  Early. 

Question  of  Physiological  Necessity. 

Parental  Advice  as  regards  Marriage. 

Change  in  Views  as  to  Morality. 

Of  Marriage  in  the  Abstract. 

Licence  during  Youth  justklied. 

The  Moral  bearing  of  Laws  of  Evolution. 

Self- Restraint. 
Prostitution. 
The  Evil  from  the  Religious  side. 


Clerical  and  Medical  EiTort«. 
Of  Warning  the  Young. 
Contagious  Disease  Acts  of  Parliament. 
Medical  Aspect  of  the  Question. 
Purity  Societies — Religious  bearing. 
Practical  and  Moral  Christianity. 
Substitution  of  Morality  for  Religion. 
Public  Morality. 

Are  we  more  Moral  than  our  Fathers  p 
Inlluence  of  Hypotheses  on  Morality. 
Medical  views  little  consulted. 
Practical  Suggestions  concerning  Mural 
Training  and  on  Morality. 


LOmWM;  3.  AlTD  A.  CBOBCaiLL. 


I.-ON    THE    STRUCTURE    AND    FORMATION    OF 
CERTAIN  NERVE  CENTRES, 

Tending  to  proTe  that  the  Cells  and  Fibres  of  Siorj  Nerrous  Apparatus  form  on 
uniuterrupted  Circuit. 

Quarto,  8  Flatea,  oontaining  46  Figures,  5t. 

II.— INDICATIONS  OF  THE  PATHS  TAKEN  BT 
THE  NERVE  CURRENTS 

As  thej  traTerse  the  Caudate  Nerve  Cells  of  the  Cord  and  Encepbalon. 
One  Plate  and  4  Figures,  U.  6d. 

Is.,  free  hf/  Post. 

MEDICAL  PROGRESS:    IN  MEMORIAM— ROBERT 
BENTLEY  TODD. 

HOSPITAL    PATIENTS,   DOCTORS,    AND    NURSE& 

A  Lecture  delivered  in  1874.    \a. 

THE    MYSTERY    OF   LIFE. 

A  neto  Sdition  prrparing. 

LIFE   THEORIES  AND  RELIGIOUS  THOUGHT. 

With  Six  Coloured  Plates,  illustrating  the  Arrangement  of  Living  Matter 
in  the  Tissues  of  Living  Beings.     New  Edition  prtparing. 

THE  MACHINERY  OF  LIFE.— A  Leotnre.    'is. 

ON  LIFE,  AND  ON  VITAL  ACTION  IN  HEALTO. 
AND  DISEASE  ;  Being  the  Lomleian  Lectnres  for 
1875.    Deliyered  before  the  Royal  Oollege  uf  Phjsiciaiia.    5a. 

BIOPLASM  :  AN  INTRODUCTION  TO  PHYSIOLOGY 
AND  MEDICINE  ;  OR,  THE  LIVING  HATTER  OF 
THE  TISSUES.    Qs.&d. 

All  fhete  Work*  contain  the  retulte  of  the  Author'*  original  inveHigaiiont.  Thetf 
are  illuetraitd  with  upwardt  of  2,000  neto  Engravinga,  all  carefully  copied fi-om  tie 
actual  objectt,  and  atost  offchich  have  been  drawn  on  wood  bg  the  Amthor  Umeey, 

LOITDCH  :    3.  Un>   A.  OHttSCHILL. 
FUIUlSKLFBU  !  rEJULSX  BLIKIBTOH,  80K  AND  CO. 

Octeber,  1894. 
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